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COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

BACKGROUND OF THE INVENTION K 
1. Rcld of the Invention 
f J5f I™** 1 invention relates to a communication svstem 

-Sta ^ ^ — < tan ^*>h of the «5 

2. Description of the Prior Art 

wffl sood be udliaed for terrestrial 

wvice in every country of the world ^ 25 

FAx'jy^f^ 1 including HDTV, PCM music, 

K£*r°> ^ces are now demand^ £ 
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SUMMARY OF THE INVENTION 



l^y v^sL.htear^SntS 

or shadow region of its ^ — ^^T^ 8 



ujMOKia* technics of tnelnre ^ SlfT'or ^"^"SKiSlS T ^ ™ 
However, the TV broadcast service is a nublie hn«'»« 1^ circuit for dmJttl^tt'***- 



UAM earner wave, and an output circuit 

circuit of the transnAt^iSf? 1 " 5i t0 , the ™>*?ator 



• „ - . » "5«<u uansnussion system o 

mg to an increase in the data amount Jhlrne 
However, the TV broadcast servir*. i« <, «,ui- i_ . 

compile S?xil s e ^" aal 10 toVe my oew «*• „ f ^ i°P« signal coruaining a Or 

particulartv toTc^iT! aad ^P 1 ** 8 - More «o ° f » «"ues and , second data attested £, 

rfAt^^ 11 ^ 17 sv ^«knownin which IvreCTV 



jjiupa^aiea. 

tad^^an^^^^^ 0 ^"^-, the 



2-2*3 ^SSr ? nla ! 1 Mops are 
stations 2 QAM S,gMl tnrou gh ground 

Such a known satelJite ayatem uennita Hrvru . M 

SSsSSSSSSSss. 

and HDTV St f om P atlblht y between NTSC 

iV reCCIVCra »s hardly concerned and 



compatibility of ca<™*i tl _ . y * Acconfingly, the 
«S^ L L Sf J^™!" 100 system wffl be 
WDen ^ e first data stream is an NTSC TV signal 
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toe ^^f* band .^P^nt of an HDTV signal and 
ofthTS^ "TS 15 a Wgh ****** band co££nem 
of the HDTV signal, the small-data modulation receivercan 
^struct the NTSC TV signal and the KS^S 
latton receiver can reconstruct the HDTV signalAs under « 
v^Jnl^ ^C'HDTV simultaneous S^TsS 5 
*u* wffl be feasible using the compatibility of foTsig^al 
transmission system of the present invention. 
More specifically, the communication system of the 

S 7n ^ T* 1 * 0 ' for Producing m sigmU 

SS.^ ? T? u VeCt0r field modulation of a 

supS irf^ ^ Waves «*« - input signal 
supplied from the input, and a tramrnirier circuit for tram" 

80 in P ut ^ containing a 
^^^ m ° f D ^ « second daui^n! 
dividing the m signal points of the signal into a sienalS 
groups assigning the n values of the first dS^c 
n^al poim groups respecUvely, assigning daToTSe 20 
second data stream to signal points of each signal poim 
S I S CttW ^ ^ the resultanSS 

fa? TV demodulator circuit for demodS 

ri^Sr ¥ ^ ° f 8 QAM cafrier ww, and an ouZt 25 
signal points into n signal point groups, demodulating the 
ta data stream of which „ values are assigned to& m? 

groups respectively, and demoduSnig^e SC c 
ood data stream of which p/n values are assigned to p7n 30 
signal points of each signal point group respectively Knr 

S ° f Wlu< ? *«• second > and third data streams each 
carrying n values, are assigned to relevant S^'rSS 
groups with a modulator The signal can be wJSLdS 35 

£ EtStM* reproduced * a ta»35£S 

the first and second data streams can be reproduced by a 
second receiver, and all the first, second, and WrdlmS^ 
can be reproduced by a third receiver. s™*ms 
n ^P^^y. a receiver capable of demodulation of 40 
n-brt data can reproduce n bits from a multiple-bit Z£ 
Reamer wave carrying m-bit data where rSn^us 
fd^n?^ C0 ™ Bn *«ti« system to have conmatirS 
and capabUity of fiiture extension. Also, a multi-IeTeh 2 

Sri? - neareS l 8 k nal P° int to the origin point of 

£ta S SlT.r 1 ^ * Spaced ^^rorigm 

2f?£ « set of * nearcst 1,01,11 ^ 

vfcJSS?i \SE5 aliUe ^te broadcast ser- 50 

s^nH Lr 5? StIeam NTSC signal and the 

^■£h5?5 ^ a difference ^between 
a^n™ H , enCC ' ^ ca P abaft y c f corresponding to 

an increase in the data amount to be tramntitted will be 55 
.W 1 ^^ ° n *" service^reT w« £ 

increased while signal attenuating areas are de^ed! 

BRIEF DESCRIPTION OF THE DRAWINGS 

srsr showin8 a *■ 

ern^cSmenV ^ ° f * * «* «* 



of^JS^ ^ * emission signal 

HG. 5 is a view showing an assignment of binary codes 
to stgnal pomts according to the fir^bodmW 

to 2™,f ShOWinfi 80 assignment of binary codes 

to agnal pomt groups according to the first eiSrST 
WO. 7 is a view showing an assignment of hinarv m H« 

FIG. 8 is a view showing another assi*nmw»t «r 
he^L U j" 4 <Bagran ' !ho *inE the relationship 

^J^Ztt^^^ <* 

betwlM^S^ diagI J m ShowiQ g ^ relationship 
Between antenna radius r 3 and transmission enemy ratio n 
according to the first embodiment; ^ y faUo n 

tetwEn^^n",^ 11 diagran ' ^o*^ * e relationship 
ratiTr fST ««J r 3 and transmission energy 

™»n w and respectively according 10 the first embody 

" b '° Ck «««Snun of a first receiver of the firs, 
^^^^ahlodcdiagramofaseeond^verofn^fira 



embodiment; 

J^fa a flowchart showing the operation of the firs, 

FIG. 25(a) and 25(6) are vector diagrams resnectivelv 
^"'^'WoftSSS 
« Mock diagram of a Utird re«iver of the firs, 

64 O^fsi^w *'*r fa8 "S™ 1 Points of dre modified 
« yAM signal of the first embodiment 

^ta^?" ^ «» operation of 

as^lS^ a . sc ! le,nati<: of the entire arrangement of 

UnS'e^o^^^^^on^derofme 
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FIG. 34 is an explanatory view showing a time multi- 
cnSn^i? 1 ' 2 ' "* ^ ***** ^thctWrf 

HG. 35 is an explanatory view showing another time K 
enSnSnl 03 8180318 acconUn « to the third 

FIG. 36 is an explanatory view showing a further time 
^uhap^^^g of D,, D 2 , and D3 signals according to the third ^ 

FIG 37 is a schematic view of the entire arrangement of 
a signal transmission system showing a fourth embodiment 
of the present invention; 

A^usac of — " QAM 

ofKS? mttfia * 64QAM ^ 

HO-41isadia^ofassignmeDtofdatacom^ 25 
a fame base according to the third embodiment; 

a tS^l^in SS&iT l 255 ^? ° f *»* ™nponeiits on 
afame base in TDMA action according to the third embodi- 



HG. 57 is a diagram showing an assignment of signal 
points of modified 4 ASK signal of tteSSbo&S 
- ™' * " a r diagram showing another assignment of 
^^^^^s of the modified 4 ASK signal of&efifth 

FIGS S9(a) and 59(A) are diagrams showing assignment 
of signal points of the modified 4 ASK signal of the fifth 
^rxKhrnent and FIGS. 59(c) and 59(4 ate la^Bms^p^ 
lively showing the slice levels of the modulated 4 ASK 
> signal in subchannels 1 and 2; "*~"uuea * 

ciJS?' ? * d * a S ram ^owmg another assignment of 
s^ pmnts of the modified 4 ASK signaTof the fifth 
embodiment when the C/N rate is low; 

FIG 61 shows a 4- and 8-levd VSB teansmitter accordine 
to the fifth embodiment of the mvention~^^^ 

lc a multi-value VSB signal before filtering, in the fifth 
embodiment of the invention and FIG. 62(b) is a wave 
spectrum diagram showing the characteristics of the filtered 
VoB signal; 

FIG. 63 is a block diagram of a 4-, 8-, and 16-leveI VSB 
receiver m the fifth embodiment of the invention; 

HG 65 is a block diagram of a TV receiver of the fifth 
embodiment; 

fitot£L~'.° Ck <Kagram of """^ TV ^ivcr of the 



FIG. 44 is a diagram showing the principle of carrier wave 
reproduction according to the third embodiment; 



RO-45isabIockmagramofacarrierreproducmgcir^ 35 FIG. 68(b) is an 8-levd VSB constellati 

tor reverse modulation of the third embodiment; and sixth embodiments of the invention; 

nn^o^»i%<^¥K in . 8bowin « ** assign™* of signal Ha ^ " an 8-levd VSB sigm 

points of the 1 6 QAM signal of the third «mWi™.. diacram in th« fifth —w^Z^ 



FIG. 67 is a block diagram of a satellite-to-Pround TV 
receiver of the fifth embodiment; s»»*uaiv 

FIG 68(a) is an 8-level VSB constellation map in the fifth 
and sum embodiments of the invention; 

FIG. 68(b) is an 8-levd VSB constellation map in the fifth 
id Sixth embodimmitB «f ; 



~ a diagram showing an assignment of sienal 
pomts of the 16 QAM signal of the third eSmei£ 

FIG. 47 is a diagram showing an assignment of sicnal 
pomts of the 64 QAM signal of me tJurd embodimeru 

fi/JSL 48 18 • ^ (fiagrani of a c * rier ^producing circuit 
for 16x muluphcation of the third embodiment; 

HQ. 49 is an explanatory view showing a time rnulti- 



1 and D m signals 



PjSSjB ° f D P' D v2> D OT , D 
accordmg to the third embodiment; 

m ,SJS; S ? b ^rf^ 1 !^ 10 ^ ™" ^wing a TDMA time 
mduplexing of D D m , D m , D^ and D m signals 
accordmg to the third embodiment; 

FIG. 51 is an explanatory view showing another TDMA 
time multiplexing of the D™, D HU D„, D* D andD 5( 
signals according to the third eiSofflSenq ' ™ " 

in iS If 8 ^ showin « a ^ interference region 

m a known transmission method according to the fourth 
embodiment; 

S£T£££2? lrammiSSi0n ^ ™* * * 
• f*?l 34 is a ^S^m showing signal attenuating regions 
m^known transmission method accorc^g 10 the fourth ^ 

■ 5? S ^ K a * a ^ am « howil « ^ attenuating regions 
m the multi-level signal transmission metiwd^rding to 
the fourth embodiment; 

hJ2i fVH'OOFn 8h0win8 a ^ in terierence region 6s 



„ «u* o-revci van signal-time waveform 

diagram in the fifth and sixth embodiments of the mvention; 
An 69isa Wock diagram of a video encoder of the fifth 

40 embodiment; 

HG. 70 is a block diagram of a video encoder of the fifth 
embodiment containing one divider circuit; 
HG. 71 is a block diagram of a video decoder of the fifth 
45 emrxwiment; 

HG. 72 is a block diagram of a video decoder of the fifth 
emooaunent containing one mixer circuit; 

FIG. 73 is a diagram showing a time assignment of data 
components of a transmission signal according to the fifth 
so embodiment; 

J? G * 2S } h 8 Wock dia S ram of a v^eo <tecoderofthe 
fifth embodiment; 

FIG. 74(b) is a diagram showing another time assignment 
°J data components of the transmission signal acoordinTto 
5 the fifm embodiment; acwnung 10 

HG. 75 is a diagram showing a time assignment of data 
components of a transmission signal accordmg to the fifth 
embodiment; 

HG. 76 is a diagram showing a time assignment of data 
components of a transmission signal according to the fifth 
embodiment; 

HG. 77 is a diagram showing a time assignment of data 
embodm^em; 0 * rransmission s * 8nal accf ^& to the fifth 

HG. 78 is a block diagram of a video decoder of tiie tifth 
embodiment; 
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comS^alKS * da- 

me fifth SJfaEJ^ transm «™ "goal according* 



8 



thc fifth embodiment; w 

of the 

embodiment; s,gnal according to the fifth 

FIG. 82 is a Hock diagram of a vidnn <t»™i_ < ^ 
signal of the fifth ombSent; f0r D ' ,„ 

^ 8 »5iM1&^ t-e relationship " 
signal accS^tjffi^^^^ modofced 

^RK^ablockdia^ofatrananusaionofme^ 
' WOCk di "*«°' °f « "eeiver of me second 

J™. *, h a Week diagram of a divider of me sixth 35 

JHG. 94 is block diagram of a mixer of the sixth embodi- 

HG. 95 is a diagram showing another four-ievri tr,™ ,„ 
mission of the sixth embodiment! tour - |evd bans- 40 

W n b^aS^y^m f ^^ Pa ^° n0fakDown<ii ^ 

^^^^^--■"^ndasionof 
^^menT dia8ra,n0f 4 16 SR QAM signal of the 

b^'c^SJ* ff™ the reiatJonship 

°^jeen Cm and error rake according to the third embodi- 

betw«n 1 m S »*/ aPhiC djagram sbowin S "» ""alionship " 
^eenmandermrateaaxndingtothethiniembodi 

betSL^m,," f*^ •"'S™" 5howin « *e relationship 
betwL h- <fiagram showto « ">e relationship 



tbSS to the mud 

■R^aattsa?' arcaofthe32 

dm^^o^ di,gram values of the 

meat, and HO IMBW^.IE™ * ? embodi - 

ma T 4 " 8 10 Binth embodiment/ 



^^tboftaio-layer OFDM arc weighted by trammiasion 

«)^e^^ b ^^<^«-^ encoders " 

^eS^i^^^decoder^o 
4 kkHj P^ 0 <" «XJ guard .olervals arxordiag „ & ^ 

• ~n 3 vea?ona 1 a b1Sr 8a ^ Cy ^ 8n,M,0f 
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gJM^ waveform of the 

J^g » »e -K^tSft-™ 

power a^^ord^rS^KL^ ^ 
acconfi ug <o «ue rdrtth^oSeST' *°™ a *" 

SJodK; " apeCt,ve acconling » the ataS 

gu^ G u^re a ^ lay 5r^ dteil « 1 «' - 
embodiment; " a * wave •»»■» according to the niath 

"*t,dia«Twhe^^f, ra,e aCCCrdin g «> the aiath 
effective toU^tTu reSS *** ' ra,,Smi8si0,, 
-^X' tiS^S 16 re, «P betweea 
layer bro^^ W ^^^™atri* type, malti- 

teSoa^^^^fa ^el rtiemchicai 



OFDM); 



service' SS 8 " ""J"" 1 * betw< * a 

FTP ion ^ u transrait ted by OFDM; 

^ acco^^tt^S *^ im ^ 
""uunemeceiver aceordtag to the ninth embodiment; 



of'r-aiTjS^tS^ 

duWta IMeve/vSS mX^St?^ VSB) 
invention; UK mu> embodiment of the 

invention; ™j m the fifth embodiment of the 
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ment of the mvetmonf cmbodi - 

fourth embodimeni of .he invention; m 
FIG. 165(a) is a block diagram of the R— c„i„ 

^InT^^S^ the Reed-so^ * 
invention; ^ fifth «nbodimcnis of the 



12 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

EMBODIMENT 1 



sE£Ss£-*3Srss. 

HG. 174 is a block diagram showing a ,™«*_ 
•ransmiss.on according to Embodiment 5 mu " u,!ve ' 

->s^n&r 5 ^ aM,fad ^ to 60 

S fo^in^on^te 

emitted fSSf* °'' eVel ' Ra,Sn,i ' ted ^ 

VSB^l, 79 i S h ? luMra,es arrangement of the QAM/ 

VSB companble receiver of Embodiment 5. 



'-^^ F t^S m ° f «— ** both .he 

error correction encoder andd^tr .^ demodulat0 ^ 
decoder for i^B^^StW^vJ^ 

ssssssss?? 

system accoroan/T^TX^^ 3 Mgnal ^^"ion 
the n^rSs^e^^ 1 ^ 8 to"-** 

ftW .eedver 43 respectively h<b7hL^d\?i* 
signal intercepted by an antenna 22fa 
unit 24 to a deinodulator 2»X~i,? <£f r^ Ugh " 
is demodnlared^H^^^.Si^' 8 s " rean ' My 
mx recovered brfm^Xi!^? and Unrd data streams are 
output^S: 8 tranSnUtted tomtom an 

Similarly, the second receiver 33 allows the fi™ „j 

demodulator 35 andTh™ ™kT ^ I* demodulated by a 

The third receiver 43 allows all nf th* 
demodulator 45 and rivJ^vZZ: ° ^ demodulated by a 

ties such that their outputs demodulated from telame 
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dSS y s ^ d ^ gnal ° fthe Emitter 1 contain data of 
M3TV ^iSS ^7 ^ Sting H°TV. super 



14 



4^S£ Ha ^output signal of the modulator 

81 ISV"?^ Ac0s2,rfa Bcos 
ttvo wS.^r i 82 ""Peoiwly represent the 

thus, expressed as c 11 = a ,««2rfct-b 1 sin2 n fct=Acos (2ife< + 

tol ^ dUtanttbetw «^0m<la, in the 
fogonal coordmami nf nr. u. * •—. 



As shown in FIG. 4, the 16 signal points are allocated t 



dowtnin k ^r tt en;rre^Ton^^ U nr U8h ' , 

th^S^ V ?f d£modulate with demodulator 25 
nwdnteed digital signal supplied from the digitaltanT 

me same modulated dimtal sisnai «.„ k. £. T 1 * 



the «» m . ™LTT . J 6 ^ mal 0412 smam signaL Similarly 
tes^ modulated digital signal can be mteroepSd^ 

tnlo the first data stream or NTSC TV i 
^Aree discrete receivers 23^ £d £*™ 



Hence, U a desirable to apace the signal pointsT, 

!™ points are fctd Lar to 

^^^arerarelydisnnguishedmeerSw^oe 
greased. Therefor is most preferable to have thermal 

the 16 QAM signal is defined by A,=AyZ 



■ntaSSXlS 1 °, fthe ^Jodimcnt is arranged to divide 
Th^l ^ ^ mto a ^ a second, a^a thiid d^a 
or bit steam Tne 1 6 signal points or^roups of sign^ofaS 
are divided into fom groups. Then, ^woStpaSo^ 
tadata stream are assigned to the four signal utomm 
t^S^ern of 2™ ^ $ Morc P^^.WfSnT 
FIG 2 is ablock "diagram of the transmitter 1 inwhichan t^J^ f^^^S^^S^ £ 
vider circuit 3 into three di«t 9 i Y - streara for transmission. Simile m _T "T™ 1 ? 



. " . " 7 «wg«in or me transmitter 1 in which *m 

rapu^tgnal is fed across the taput unit 2 SShuStoZ 

a^mS ?,^15 ree »*aining a fi£ 

a second, and a third data stream respectively 



. " _ * ~~ r^"**~"«" ^ assigned to the first data 
high frequency band component to mTsecS 



point of the second signal potaS^* 
quadrant is selected and transmitted When on mL^H 

is transmitted and when 10. om .twi J 1 - . 



ei ~ „, * . --e w**,uii of smns me positions of the 

signal rxom the modulator inmit at « ^ u^T _ * * .tt 



Also^4 two+tt patterns in the second data stream ToftteM 
QAM signal, or eg. 16 four-bit patterns in tteWnJaaa 
sueatn of a 64-state QAM signal, are assigned te fbursienal 
points or sub signal point crouns nf ^Tjt^ izf 



^ &om the modula^^7r w nS /S, Sa^^ "^^^ % 



MWi uiuuiuaror input 61 is fed to both a first am 

^eTco?^^ dSm ^"^-^ 
Z^i "/J**?* P ro *««' by a earner generator 64 is 

u^fe^^l 3 "r^™ "Baal which is then 
""Stored _ toi lie transmitter inrit 5 for output. The proce 
4»e » well known and will not be nnthcrVxplai^r^ „ 

OT ^j^^wfflnowbed=^ ta nZnon4x4 
or 16 state constellation referring to the fim £Zn? of a 



SLLL^^ B tmderstood *" the assignruZ £ 
ST^i b"*^ any two quadrants. The ^gnmeS of 



ZZ-TV 7 iu,unl * 10 two-bit data of the first daia 
Mxm. As the result, twooit dataof tbe first daTsrnSn^ 

second data stream with equal success. 

"f 01 ^ of ^ assignment of the first and 
second data streams in two-bit patterns. 

Wd^*?- toW ^quency band component of an HDTV 
video signal is assigned to the first data stream and thehigh 
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tne minimum amplitude of the 4 P**r c,CXi v . " 



S^. C „°^ nCnt 10 ^""Xl stream, the 4 PSK 16 

Since the signal points are allocated at equal intervals 
between the coordinate axes and the shaded area of the RtZ 

«.^L kT- g T 1 ^ 811 amplitude of A TO will suc- 
cessfo% be intercepted However, the amplitude^ has uTbe 
increased to a three times greater value or 3A tw.™«7 

■ S3SSSSSS3SSS! 

5£TJ because a si^mtercLp^ 

^aemdc gap between the two, old and new, models"! 
high. Therefore, the transmission of the 4 PSK sienTT™ 

iJj—-* 8 ^ m 1116 16 QAM m °de "sing less enenrv 
2^TS fhe . ,imited 34 a sateihre slalioTwfli 

degrade the entire transmission system. 

^J^f 5 ^ wvention resides in a multiple signal level 35 
ann^ement m which the four signal point greupTw % 



as shown nWn «TT ™, 018131106 frDm each other, 
^a^foV?^"n a M° r ^."^S ^ energy consumption 
required for 16 QAM modulation of quasi 4 PSK signals. 



STS P^^B energy, the arrangement of 

? p J5w • tranSnUtter 51 and the first wriw2?wffl£ 
descnbed m more detail referring to FIG. L 

Both the digital transmitter 51 and the first receiver 2i BW 
^.ofknown types ibrclama^mS « 

HST£ dtS ™ broad ^ As sTownt 

InYLi ( J £ltal I tra a srai ^ 51 is a 4 PSK transmitter 
equtvalen to the mulUple-bit QAM transmitter 1 shownin 
HG. 2 without AM modulation capability In ODerabW^ 

54 where it is divided by a modulator input 121 into two 
c^mpone^. Tne two components are ttaSSS to a 



in ■ — uj a earner reproducing 

a«u. /uso, two W-out-of-phase components of the innm 
d£l ***** by afirst phi deteX 

encmr 133 and a second phase detector ciicuftSl andai 

fern a timmg wave extracting circuit 135, are fedw S 
data stream reproducing unit 232 where th^J^* £• 2 
mnoa fa, data streTlgnal 

output from the output unit 26. 35 211 

™ e ^ si g°al to the first receiver 23 will now be 

from ^ by ^ 
hansm,ltcr 51 is expressed in an ideal form 
without transmiss on Hicf™*;^ . r" 1OTTn 



r. the arrangement of P° mts *», 152, 153. and 154, as shown in FIG. 20 

t receiver M u/ili t,. Innracrirf thp w r n . : ■ . . 



123 foTnh^l 1^ , • SCC ?/ two-phase modulator circuit «. f^pomt 151 of a 4 PSK signal close toTcritkaW^ 
lhJZu^Z^°^° R of a carrier which is 90° out of 55 ^vel has to stay in a first <liscrim^on area i^^^ 
phase with die base carrier respectively. The two out™** ~f ^ hatching of FIG. 20 and ^1°^ by 



nhac ^ „^v,~:" ~— ™y u w u uancr wnicn is 90° out of 
SflL^H basc , cairicr respectively. Tne two outputs of 
U* first and second two-phase modulator drcuitsmand 
are then combined by a summer 65 into a composite 
reared signal which is further transmitted from Tt^? 

*a^~ T*** ^ " Sh0W ° ^ *Pace 



^J^actice, the real four signal points appear in particular 

1^,"™ » » Crimea! level, fte^SteB^X 
becomes less accurate. ^reiiablmgthe<C^odaca o rS 
a maxunum acceptable level of the erroWT 

SEJIT-KS ^ P° ints *»« be&eaough ^ 
totBUiated from each other. If me distance i s u 



distances f OT a^e^ g "op^^^~«^ fl ^4 PSK signal tota^^TS 

mSSir°" 7 «i ^^i^^Aaa^the' 
' ^ 128 , epresent 4 two-bit patterns, 11, 01, 00, and 10 



^barehing of HG. 20 a^ determim^ byio^f ^A and 
rem±^ ^ ^ ^^ons^mt 

S^,^f WaV6S «« ^ demodulate a"^ wTteS 
signal When the muiimum radius of the antenna 22 U setto 
> ^ ^nsmission signal of more than a rivenlevd Tca?^ 

digital transmitter 51 shown inHG 
18 fe rmaton at A and thus, the minimum amplitude %Z 

detennined to be equal to A^. As a result, the first re^d vi 
23 can intercept and demodulate the 4 PSK siZlfiTl! 
digrtalti^rmtterSlatmemax^ 
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error rate when the radios of the antenna 22 is more than 
If the transmission signal is of a modified 16- or 64-state 
QAM mode, the first receiver 23 may find it difficult to 
reproduce its carrier wave. For compensation, the signal 
points are increased to eight which are allocated at angles of 5 
(n/4+mV2) as shown in FIG. 25(a) and its carrier wave will 
be reproduced by a 1 6x multiplication technique. Also, if the 
signal points are assigned to 16 locations at angles of rox/8 
as shown in FIG. 25(6), the carrier of a quasi 4 PSK mode 
16 QAM modulated signal can be reproduced with the 
carrier reproducing circuit 131 which is modified for per- 
forming 16x frequency multiplication. At the time, the 
signal points in the transmitter 1 should be arranged to 
satisfy A,/(A,+A2)=tan(itf8). 

Here, a case of receiving a QPSK signal will be consid- J5 
ered. Similarly to the manner performed by the signal point 
setting circuit 67 in the transmitter shown in FIG. 2, it is also 
possible to modulate the positions of the signal points of the 
QPSK signal shown in FIG. 18 (amplitude-modulation, 
pulse-modulation, or the like). In this case, the signal point 
demodulating unit 138 in the first receiver 23 demodulates 
the position modulated or position changed signal. The 
demodulated signal is outputted together with the first data 
stream. 

The 16 PSK signal of the transmitter 1 will now be 25 
explained referring to the vector diagram of FIG. 9. When 
the horizontal vector distance A t of the signal point 83 is 
greater than A r(? of the minimum amplitude of the 4 PSK 
signal of the digital transmitter 51, the four signal points 83, 
84, 85, and 86 in the first quadrant of FIG. 9 stay in the 30 
shaded or first 4 PSK signal receivable area 87. When 
received by the first receiver 23, the four points of the signal 
appear in the first discriminating area of the vector field 
shown in FIG. 20. Hence, any of the signal points 83, 84, 85, 
and 86 of FIG. 9 can be translated into the signal level 151 35 
of FIG. 20 by the first receiver 23 so that the two-bit pattern 
of 11 is assigned to a corresponding time slot The two-bit 
pattern of 11 is identical to 11 of the first signal point group 
91 or first data stream of a signal from the transmitter 1. 
Equally, the first data stream will be reproduced at the 40 
second, third, or fourth quadrant As the result, the first 
receiver 23 reproduces two-bit data of the first data stream 
out of the plurality of data streams in a 16-, 32-, or 64-state 
QAM signal transmitted from the transmitter 1. The second 
and third data streams are contained in four segments of the 45 
signal point group 91 and thus, will not affect the demodu- 
lation of the first data stream. They may however affect the 
reproduction of a carrier wave and an adjustment, described 
later, will be needed. 



maintain compatibility. Also, any conventional satellite tran- 
sponder can hardly provide a power for enabling such a 
small antenna of the 4 PSK first receiver to intercept a 
transmitted signal therefrom For example, in the existing 40 
W system, 360 W is needed for appropriate signal transmis- 
sion and will be unrealistic with respect to cost 

It would be understood that the symmetrical signal state 
QAM technique is most effective when the receivers 
equipped with the same sized antennas are employed cor- 
responding to a given transmitting power. Another novel 
technique wQl however be preferred for use with receivers 
equipped with different sized antennas. 

In more detail, while the 4 PSK signal can be intercepted 
by a common low cost receiver system having a small 
antennfl, the 16 QAM signal is intended to be received by a 
high cost high quality, multiple-bit modulating receiver 
system with a medium or large sized antenna which is 
designed for providing highly valuable services, e.g. HDTV 
entertainment to a particular person who invests more 
money. This allows both 4 PSK and 16 QAM signals, if 
desired, with a 64 DMA, to be transmitted simultaneously 
with the help of a small increase in the transmitting power. 

For example, the transmitting power can be maintained 
low when the signal points are allocated at A^A 2 as shown 
in FIG. 10. The amplitude A(4) for transmission of 4 PSK 
data is expressed by a vector 96 equivalent to square root of 
(A 1 +A 2 ) 2 -KB,46 2 ) 2 . Then, ^ 

14(4)1, * A, 2 + B* = A 2 n + A%* = 2A 2 „ 

o (A, + A 3 f + (B, + B# = 4AI* + 4A», = %A„ 
W(16)IM(4)I = 2 

Accordingly, the 16 QAM signal can be transmitted at a 
two times greater amplitude and a four times greater trans- 
mitting energy than those needed for the 4 PSK signal. A 
modified 16 QAM signal according to the present invention 
will not be demodulated by a common receiver designed for 
symmetrical, equally distanced signal point QAM. How- 
ever, it can be demodulated with the second receiver 33 
when two threshold values A 1 and A 2 are preset to appro- 
priate values. In FIG. 10, the minimum distance between 
two signal points in the first segment of the signal point 
group 91 is A, and A^2A, is established as compared with 
the distance 2A 4 of 4 PSK. Then, as A^A* the distance 
becomes V4. This explains that the signal receiving sensitiv- 
ity has to be two times greater for die same error rate and 
four times greater for the same signal level. For having a 
four times greater value of sensitivity, the radius r 2 of the 



If the transponder of a satellite supplies an abundance of so antenna 32 of the second receiver 33 has to be two times 

greater than the radius r, of the antenna 22 of the first 
receiver 23 thus satisfying t^=2z v For example, the antenna 
32 of the second receiver 33 is 60 cm diameter when the 
antenna 22 if the first receiver 23 is 30 cm. In this manner, 
the second data stream representing the high frequency 
component of an HDTV will be carried on a signal channel 
and demodulated successfully. As the second receiver 33 
intercepts the second data stream or a higher data signal, its 
owner can enjoy a of high investment return. Hence, the 
second receiver 33 of a high price may be accepted. As the 
minimum energy for transmission of 4 PSK data is prede- 
termined, the ratio n 16 of modified 16 APSK transmitting 
energy to 4 PSK trans m i t tin g energy will be calculated 
according to the antenna radius r 2 of the second receiver 33 
using a ratio between A t and A 2 shown in FIG. 10. 

In particular, n 16 is expressed by ((A^A^A,) 2 which is 
the minimum energy for transmission of 4 PSK data. As the 



jy, the forgoing technique of 16 to 64-state QAM mode 
transmission will be feasible. However, the transponder of 
the satellite in any existing satellite transmission system is 
strictly limited in the power supply due to its compact size 
and the capability of solar batteries. If the transponder or 55 
satellite is increased in size and thus weight its launching 
cost will soar. This disadvantage will rarely be eliminated by 
traditional techniques unless the cost of launching a satellite 
rocket is reduced by a considerable level. In the existing 
system, a common communications satellite provides as low 60 
as 20 W of power and a common broadcast satellite offers 
100 W to 200 W at best For transmission of such a 4 PSK 
signal in the symmetrical 16-state QAM mode as shown in 
FIG. 9, the minimum signal point distance is needed 3A 7U as 
the 16 QAM amplitude is expressed by 2A,=sA2. Thus, the 65 
energy needed for the purpose is nine times greater than that 
for transmission of a common 4 PSK signal, in order to 
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signal point distance suited for modified 16 QAM intercep- 
tion is A 2 , The signal point distance for 4 PSK interception 
is 2A lt and the signal point distance ratio is AJ2A lt the 
antenna radius r 2 is determined as shown in FIG. 11, in 
which the curve 101 represents the relationship between the 
transmitting energy ratio n 1<5 and the radius r 2 of the antenna 
22 of the second receiver 23. 

Also, the point 102 indicates transmission of common 16 
QAM at the equal distance signal state mode where the 



The signal point allocation of the third data stream will 
now be explained referring to the vector diagram of FIG. IS 
which shows the first quadrant. As shown, the four signal 
points 201, 205, 209, and 213 represent the two-bit pattern 
of 11, the signal points 202, 206, 210, and 214 represent 01, 
the signal points 203, 207, 211, and 215 represent 00, and 
signal points 204, 208, 212, and 216 represent 10. Accord- 
ingly, the two-bit patterns of the third data stream can be 
transmitted separately of the first and second data streams. 



transmitting energy is nine times greater and thus will no l0 In other words, two-bit data of the three different signal 



more be practical. As apparent from the graph of FIG. 11, the 
antenna radius r 2 of the second receiver 23 cannot be 
reduced further even if n l6 is increased more than 5 times. 

The transmitting energy at the satellite is limited to a 
small value and thus, n 16 preferably stays not more than 5 
times the value, as denoted by the hatching of FIG. U. The 
point 104 within the hatching area 103 indicates, for 
example, that the antenna radius r 2 of a two times greater 
value is matched with a 4x value of the transmitting energy. 
Also, the point 105 represents that the transmission energy 
should be doubled when r 2 is about 5x greater. Those values 
are all within a feasible range. 

The value of n ie not greater than 5x value is expressed 
using A, and A 2 as: 

« ia F<(A 1 +A 2 yA l rVS 

Hence, A 2 <1.23A 1 . 
If the distance between any two signal point group 



levels can be transmitted respectively. 

As understood, the present invention permits not only 
transmission of six-bit data but also interception of three, 
two-bit, four-bit, and six-bit, different bit length data with 
their respective receivers while the signal compatibility 
remains between these levels. 

The signal point allocation for providing compatibility 
between the three levels will be described. 

As shown in FIG. 15, A^A^ is essential for allowing the 
first receiver 23 to receive the first data stream. 

It is necessary to space any two signal points from each 
other by such a distance that the sub segment signal points, 
e.g. 182, 183, 184, of the second data stream shown in FIG. 
15 can be distinguished from the signal point 91 shown in 
FIG. 10. 

FIG. 15 shows that they are spaced by %A 2 . In this case, 
the distance between the two signal points 201 and 202 in 
the first sub segment 181 is Aj/6. The transmitting energy 
needed for signal interception with the third receiver 43 is 
segments shown in FIG. 10 is 2A(4) and the maximum 30 now calculated. If the radius of the antenna 32 is r 3 and the 



amplitude is 2A(16), A(4) and A(16)-A(4) are proportional 
to Al and A2 respectively. Hence, (A(ltf)) a <S(A(14)f is 
established. 

The action of a modified 64 ASPK transmission will be 
described as the third receiver 43 can perform 64-state QAM 
demodulation. 

FIG. 12 is a vector diagram in which each signal point 
group segment contains 16 signal points as compared with 
4 signal points of FIG. 10. The first signal point group 
segment 91 in FIG. 12 has a 4x4 matrix of 16 signal points 



needed transmitting energy is times the 4 PSK 
ting energy, the equation is expressed as: 

This relationship is also denoted by the curve 211 in FIG. 
16. For example, if the transmitting energy is 6 or 9 times 
greater man that for 4 PSK transmission at the point 223 or 
222, the antenna 32 having a radius of 8x or 6x value 



allocated at equal intervals including the point 170. For 40 respectively can intercept the first, second, and third data 



providing compatibility with 4 PSK , A^A^, has to be 
satisfied. If the radius of the antenna 42 of the third receiver 
43 is r 3 and the transmitting energy is n M , the equation is 
expressed as: 



This relationship between r 3 and n of a 64 QAM signal is 
also shown in the graphic representation of FIG. 13. 50 

It is understood that the signal point assignment shown in 
FIG. 12 allows the second receiver 33 to demodulate only 
two-bit patterns of 4 PSK data. Hence, it is desirable for 
compatibility between the first, second, and third receivers 
that the second receiver 33 is capable of demodulating a 55 
modified 16 QAM form from the 64 QAM modulated signal. 

The compatibility between the three discrete receivers can 
be implemented by three-level grouping of signal points, as 
illustrated in FIG. 14. A description follows referring to the 
first quadrant in which the first signal point group segment 60 
91 represents the two-bit pattern 11 of the first data stream. 

In particular, a first sub segment 181 in the first signal 
point group segment 91 is assigned the two-bit pattern 11 of 
the second data stream. Equally, a second 182, a third 183, 
and a fourth sub segment 184 are assigned 01, 00, and lOof 65 
the same respectively. This assignment is identical to that 
shown in FIG. 7. 



streams for demodulation. As the signal point distance of the 
second data stream is close to %A 2 , the relationship between 
! and r 2 is expressed by: 



Therefore, the antenna 32 of the second receiver 33 has to 
be slightly increased in radius as denoted by the curve 223. 

As understood, while the first and second data streams are 
transmitted through a traditional satellite which provides a 
small signal transmitting energy, the third data stream can 
also be transmitted through a future satellite which provides 
a greater signal transmitting energy without interrupting the 
action of the first and second receivers 23 or 33 or with no 
need of modification of the same and thus, both the com- 
patibility and the advancement is ensured. 

The signal receiving action of the second receiver 33 will 
first be described. As compared with the first receiver 23 
arranged for interception with a small radius r t antenna and 
demodulation of the 4 PSK modulated signal of the digital 
transmitter 51 or the first data stream of the signal of the 
transmitter 1, the second receiver 33 is adopted for perfectly 
demodulating the 1 6 signal state two-bit data, shown in FIG. 
10, or second data stream of the 16 QAM signal from the 
transmitter 1. In total, four-bit data including also the first 
data stream can be demodulated. The ratio between A, and 
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A 2 is however different in the two transmitters. The two 
different data are loaded to a demodulation controller 231 of 
the second receiver 33, shown in FIG. 21, which in turn 
supplies their respective threshold values to the demodulat- 
ing circuit for AM demodulation. 5 

The block diagram of the second receiver 33 in FIG. 21 
is similar in basic construction to that of the first receiver 23 
shown in FIG. 19. The difference is that the radius r 3 of the 
antenna 32 is greater than r, of the antenna 22. This allows 
the second receiver 33 to identify a signal component 
involving a smaller signal point distance. The demodulator 
35 of the second receiver 33 also contains first and second 
data stream reproducing units 232 and 233 in addition to the 
demodulation controller 231. There is provided a first dis- 
OTmination/deraodulation circuit 136 for AM demodulation 
of modified 16 QAM signals. As understood, each carrier is 15 
a four-bit signal having two, positive and negative, threshold 
values about the zero level. AS apparent from the vector 
diagram, of FIG. 22, the threshold values are varied depend- 
ing on the transmitting energy of a transmitter since the 
transmitting signal of the embodiment is a modified 16 20 
QAM signal. When the reference threshold is TH l6 , it is 
determined by, as shown in FIG. 22: 



THwKA.+Ai/ZWAt+Aj) » 

The various data for demodulation including A 1 and A^ or 
TH i6 , and the value m for multiple-bit modulation are also 
transmitted from the transmitter 1 as carried in the first data 
stream. The demodulation controller 231 may be arranged 30 
for recovering such demodulation data through statistical 
process of the received signal. 

A way of determining the shift factor A t /A 2 will be 
described with reference to FIG. 26. A change of the shift 
factor A t /A 2 causes a change of the threshold value. Increase 35 
of a difference of a value of A,/A 2 set at the receiver side 
from a value of Aj/A 2 set at the transmitter side will increase 
the error rate. Referring to FIG. 26, the demodulated signal 
from the second data stream reproducing unit 233 may be 
fed back to the demodulation controller 231 to change the 40 
shift factor Ai/A 2 in a direction to increase the error rate. By 
mis arrangement, the third receiver 43 may not demodulate 
the shift factor A/A^ so that the circuit construction can be 
simplified Further, the transmitter may not transmit the shift 
factor A/Az, so that the transmission capacity can be 45 
increased. This technique can be applied also to the second 
receiver 33. 

FIGS. 25(a) and 25(b) are views showing signal point 
allocations for the C-CDM signal points, wherein signal 
points are added by shifting in the polar coordinate direction 50 
(r, 6). The previously described C-CDM is characterized in 
that the signal points are shifted in the rectangular coordi- 
nate direction, i.e. XY direction; therefore it is referred to as 
rectangular coordinate system C-CDM. Meanwhile, this 
C-CDM characterized by the shifting of signal points in the 55 
polar coordinate direction, i.e. r, 6 direction, is referred to as 
polar coordinate system C-CDM. 

FIG. 25(a) shows the signal allocation of 8PS-APSK 
signals, wherein four signal points are added by shifting 
each of 4 QPSK signals in the radius r direction of the polar 60 
coordinate system In this manner, the APSK of polar 
coordinate system C-CDM having 8 signal points is 
obtained from the QPSK as shown in FIG. 25(a). As the pole 
is shifted in the polar coordinate system to add signal points 
in this APSK, it is referred to as shifted pole- APSK, Le, 65 
SP-APSK in the abbreviated form. In this case, coordinate 
values of the newly added four QPSK signals 85 are 
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specified by using a shift factor S t as shown in FIG. 139. 
Namely, 8PS-APSK signal points includes ordinary QPSK 
signal points 83 (r^ Go) and a signal point ((Sj+lXro, 6<j) 
obtained by shifting the signal point 83 in the radius r 
direction by an amount of S^. Thus, a 1-bit subchannel 2 
is obtained in addition to a 2-bit subchannel 1 identical with 
the QPSK. 

Furthermore, as shown in the constellation diagram of 
FIG. 140, new eight signal points, represented by coordi- 
nates (ro+S^o, 9q) and (tq+S^q^S^q, Go), can be added by 
shifting the eight signal points (r^ Gq) and (r^S^ Gq) in 
the radius r direction. As this allows two kinds of allocations, 
a 1-bit subchannel is obtained and is referred to as 16PS- 
APSK which provides the 2-bit subchannel 1, 1-bit sub- 
channel 2, and 1-bit subchannel 3. As die 16-PS-APSK 
disposes the signal points on the lines of 6=V4(2n+l)rc, it 
allows the ordinary QPSK receiver explained with reference 
to FIG. 19 to reproduce the carrier wave to demodulate the 
first 2-bit subchannel although the second subchannel cannot 
be demodulated. As described above, the C-CDM method of 
shifting the signal points in the polar coordinate direction is 
useful in cscp flmti the cspflcity of iivfornifltion clfltfl tuns* 
mission while assuring compatibility to the PSK, especially 
to the QPSK receiver, a main receiver for the present 
satellite broadcast service. Therefore, without losing the first 
generation viewers of the satellite broadcast service based 
on the PSK, the broadcast service will advance to a second 
generation stage wherein the APSK will be used to increase 
transmittable information amount by use of the multi-level 
modulation while maintaining compatibility. 

In FIG. 25(b), the signal points are allocated on the tines 
of 8==r/8. With this arrangement, the 16 PSK signal points 
are reduced or limited to 12 signal points, i.e. 3 signal points 
in each quadrant With this limitation, these three signal 
points in each quadrant are roughly regarded as one signal 
point for 4 QPSK signals. Therefore, this enables the QPSK 
receiver to reproduce the first subchannel in the same 
manner as in the previous embodiment. 

More specifically, the signal points are disposed on the 
lines of 0=n/4, 0=jtf4+nV8, and 9=7t/4-rc/8. In other words, 
the added signals are offset by an amount ±9 in the angular 
direction of the polar coordinate system from the QPSK 
signals disposed on the lines of 6=it/4. Since all the signals 
are in the range of G=n/4±rc/8, they can be regarded as one 
of the QPSK signal points on the line of 8=rt/4. Although the 
error rate is lowered a little bit in this case, the QPSK 
receiver 23 shown in FIG. 19 can discriminate these points 
as four signal points angularly allocated. Thus, 2-bit data can 
be reproduced. 

In case of the angular shift C-CDM, if signal points are 
disposed on the lines of n/n, the carrier wave reproduction 
circuit can reproduce the carrier wave by the use of an 
n- multiplier circuit in the < ??tt*^ manner as in other embodi- 
merits. If the signal points are not disposed on the lines of 
nra, the carrier wave can be reproduced fay transmitting 
several pieces of carrier information within a predetermined 
period in the same manner as in other embodiment. Assum- 
ing that an angle between two signal points of the QPSK or 
8-SP-APSK is 26 0 in the polar coordinate system and afirst 
angular shift factor is PI, two signal points (r^ Gq+PjGo) and 
(to, &-P|6q) are obtained by shifting the QPSK signal point 
in the angular 6 direction by an amount ±P,0q. Thus, the 
number of signal points are doubled. Thus, the 1-bit sub- 
channel 3 can be added and is referred to as 8-SP-PSK of 
P=P L If eight signal points are further added by shifting the 
8-SP-PSK signals in the radius r direction by an amount 
S^ it will become possible to obtain 16-SP-APSK (P, St 
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type) as shown in FIG. 142, The subchannels 1 and 2 can be 
reproduced by two 8PS-PSK* having the same phase, 
Retoning to FIG. 25(b), as the C-CDM based on the angular 
s^ft in the polar coordinate system can be applied to the 
PSK as shown in FIG. 141, this will be adopted to the first 
generation satellite broadcast service. However, if adopted 
^o?t Se ? 0nd g 1 eneration saldlite broadcasting based on the 
APSK, this polar coordinate system C-CDM is inferior in 
uiat signal points in the same group cannot be uniformly 
spaced as shown in FIG. 142. Accordingly, utilization effi- 
ciency of electrical power is worsened On the other hand, 1 
the rectangular coordinate system C-CDM has good com- 
patibility to the PSK. 

th7^ Sy&tC ? Sh T ? m - is compatible with both 
the rectangular and polar coordinate systems. As the signal 
points are disposed on the angular lines of the 16 PSK, [Ley i. 
can be demodulated by the 16 PSK. Furthermore, as the 
signal points are divided into groups, the QPSK receiver can 
be used for demodulation. Still further, as the signal points 
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wr ^T^^l?^ ^ * Step 304 of the flowchart of 
modified 64 QAM signal as shown in FIG. 23. At Step 310 
toZSFuF "t^™***™* whether or not m k more 
ttan 64 If it is determined at Step 311 that the received 
signal has no equal distance signal point constellation, the 
P^ffJ^to Step 312. The signal pomtSSlt! 
of the modified 64 QAM signal isolated fronT ^ 

Tttsjcalculaiion is equivalent to that of TH l6 but its resultant 
distance between signal points is smaller 

If die signal point distance in the first sub segment 181 is 
A 3 , the distance between die first 181 and the second sub 
segment 182 is expressed by (A^J. Then, the average 
distance is (A 2 -2A 3 y(A 1+ A 2 ) which is designated asdl 
when is smaller than T 2 which represents the signal poSt 
discrmiination capability of the second receiver 33^ytwo 



thedemc^^ St^T^* of the screed veri^y^o 

Consequently, the compatibly betweLle S ta fjEZZ ™FT* ^ ^ * ******* 
coordinate system C-CDM and the polar coordin^Sem ^^S£^J ****** 1 CXCCUted * Su * 313 ' * 
C-CDM can be assured in any of the opsk ictTq^TS 7* 1 ? ° / P cnrass,ve range, the procedure moves back 
16-SRQAM. 7 ^ QPSK * 16PSK - and J? Stc P ** * KK mode dentation. If ^ is wSfio 

The demodulation controller 231 has a memory 231a for 25 uV St^ll? ,C ? 10 Step 305 for 
storing therein different threshold valuesC^to StSKlS.* 16 QAM at Step mifit is determined 

iactors. me number of ^ r S ynch^o^Ltn £c^S^^^ 

rules, etc.) which correspond to different TV broadca^ w>!l,Sf2i 4 f SK demodulation, 
channels. When receiving^one of the c^annell 5?£ s^stT^W^t^^^^ 
values corresponding to the receivine channel urfliK. J*S ™ shown in FIG. 25(a) m which all the signal points 

out of the memory 30 » « "Wf* of «» (2*^4). the carrier wlveT of me 

If the demodulation SISSK ^2^^^*° *VT ^ wiU thus 
second data stream will hardly be executed Tnfa wffl be nW^JT ^ case At the time, two-bit data of the 
explained referring to a flowchart shown uTpIG24 wSe^hSw.^ 6 ^^ ** ^ «™ ~*« 

Even if the demodulation data is not available, demodu « JvYh^ i the second data stream is demodulated 
lation of the 4 PSK at Step 313 and of tLTt d^Zt 35 £ SjS^" 1 "" 33 *» totai of data can 

The ^ third receiver 43 wfll be described in more detail. 
HG 26 shows a block diagram of the third receiver 43 
similar to that of the second receiver 33 in FIG 21. The 
difference is that a third data stream reproducing unit 234 is 
added and also, the mscrimination/demodulation circuit has 
a ; capabUuy of identifying eight-bit data. The antenna 42 of 
the third receiver 43 has a radius r 3 greater than r 2 thus 
aUowmg smaller distance state signals, e.g. 32- or 64-state 
QAM signals, to be demodulated. For demodulation of the 
04 QAM signal, the first discrimination/ reproduction circuit 
136 has to identify 8 digital levels of the detected signal in 
which seven different threshold levels are involved, Asone 
of thethreshold values is zero, three are contained in the first 



— — uw, w uui a vauaDic, aemoau- 

lation of die 4 PSK at Step 31 3 and of the first data stream 
at Step 301 can be implemented. At Step 302, the demodu- 
lation data retrieved by the first data stream reproducing unit 
Z32 is transferred to the demodulation controller 231 If m 
is 4 or 2 at Step 303, the demodulation controller 231 40 
triggers demodulation of 4 PSK or 2 PSK at Step 3 13 If not, 
the procedure moves to Step 310. At Step 305, two threshold 
values TH3 and TH 16 are calculated. The threshold value 
m u AM demodulation is fed at Step 306 from the 
demodulation controller 231 to both the first 136 and the 45 
second discrimination/demodulation circuit 137 Hence, 
demodulation of the modified 16 QAM signal and repro- 
duction of the second data stream can be carried out at Steps 
307 and 315 respectively. At Step 308, the error rateis of thethn 

2^2?/^*° 5 0ccdun: rctums * Step 313 for so quadrant 
repeating the 4 PSK demodulation. CTnTrr .k™ 

As shown in FIG. 22 and the sienal noints X* m a „ *S 1 8pacc dw « ram of the signal in which the 

aligned on a line at an J^TXSStJL ^T^ ^l?™ *^ values. 

86 are off the line. HeZ the SLcToFa^d^ J^^^^^^^T^^ 
stream transmitting carrier wave data from the second Ana 55 by: ^ md TH3 « ^ ^P^sed 

sbxam reproducing unit 233 to a carrier reproducing circuit 
131 is earned out so that no carrier needs to be extracted at 
the Uirang of the signal points 84 and 86. 

The transmitter 1 is arranged to transmit carrier timing 
signals at intervals of a given time with the first data stream 
for the purpose of compensation for no demodulation of the 
second data stream. The carrier timing signal enables one to 
identify the signal points 83 and 85 of the first data stream 

points 201, 202, 203, and 204 at the first sub segment 181 



Through AM demodulation of a phase detected signal 
using the three threshold values, me third data stream can be 

ICDromicea liVft tfv» fircf onri r.^ i j ... 
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shown in FIG. 23 which represent 4 values of two-tit 
P^Hea^su digits or modified 64 QAM signals can 

A^H < ^ Ula l 0n 1 C0ntr0Uer 231 detecls the value m, A,. 
V 2 ' ^ ra ^modulation da* contained in the fim < 
data stream demodulated by the first data stream reproduc- 

TH2«4, and TH3 M which are then fed to the first 136 and the 
^!l^^^ 0n/demodulation 137 so that the 
A^^th?^ f? 81 ? with certainty tc 

mcSfii^ n?^ at T ^ ^ been scrambled, the 
modified 64 QAM signal can be demodulated only with a 
specific or subscriber receiver. FIG. 28 is a flowchart show- 
SS ^ ° f ** ^nnidulation controller 231 for modi- 
fied 64 QAM signals. The difference from the flowchart for is 

explained. The procedure moves from Step 304 to Step 320 
where it is determined whether or not m=32 or not l£L 3 Z 
Amodulatton of 32 QAM signals is executed at Step 322. If 
not. the nrocerinrv> mnw. t» e»— 11 1 . . r . 
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sync brne slots is detected, rermxluction of carrier waves 
win be executed slot by slot through extracting the sv^ 
^rmng data from their respective tiLe^o^ueh a sv^ 
tuning data S is contained in a sync block [ w 
end ofao^W492, which co^^ 
mxaots denoted by the hatching in FIG. 41. According 
the data to be extracted for carrier wave reproduction^ 
mcreased, thus allowing the 4 PSK rec«iverTrepSu^ 
desired earner waves at higher accuracy and efficiency 
J^J^ Wock493 comprises syr* dam regions^497, 
^ 498 -contaming sync data SI, S2, and S3, --resnec- 
jvely which include unique words and *rrJu^|£. 
Z ^u^Ef a ?!S nme °t region 499 is at the end of 
*5JZ"5 bI «* 493, which holds a dam of l T irobding 

Z^Z^sZ" - * 

n,^,^ P 0 ^^ tb« phase sync time slot has a 
particular phase andean thus be reproduced by the 4 PSK 

reel on 499 can tv» tWt-tV,«*j . ^ 1 



; , v * aiguais is executed at Men 322. if ™^,\,.^ a' >• , » . " *~j«v~uwj uy me ^ r^K 

«£*o procenuremove* to Step 32! where it is denned 20 S^S^ sync 
whether or not m=64. if. yeSi A jj eianlilled M Stm323tf "P™ 499 can be retrieved wuhout error thus ensuring the 

moves to Step 305 and the same sequence as of FIG 24 is 
«fi.^«S,E3 thatA,^^ 
W "« *» to Step 25 

J24 where the threshold values are calculated. At Step 325 
^culattd threshold values are fed to the first and second 
*«nmu«don/demodulation circuits and at Step 326. the 
Then^h of the modified 64 QAM signal is carried out 
^ """^ ^dthird data streams are reproduced 30 

m - to™"™** examineTlfT 



\a r\A\M a 0 V r/ ^ 1 " raoves 10 ««p 3U5 where thi 
16 QAM demodulauon is repeated and if low, the demodu- 
lation of the 64 QAM is continued. "cmoou 

Unr^r 8 ^^ °i C3ni< *™ c reproduction needed for execu- 35 

a sat^ctory demodulating procedure will now be 
deseed. The scope of the present invention includes 
reproducuon of the first data stream of a modified 16 or 64 
QAM sujnal using a 4 PSK receiver. However, a common 4 
in*?*™ 61 ' ^ instructs carrier waves, thus failing 40 
toperform a correct demodulafiocL For compensation, some 
fflr^ements are necessary at both the transmitter and 
receiver sides. 

Two technirnies for compensation are provided according 
to the present invention. A first technique relatestotrans 45 
~ of signal points aligned at angles of (2n-l)Xt 
^crvids of a grven time. A second technique offers trans- 
mission of signal points arranged at intervals of an angle of 



According to the first technique, the eight shmal r»int« <n ^J^.J?^ °f 8ync dgnaIs of data can be 



SS.?2 l m ™ ™ HG " 38 1x1 * i«ast one of the 
IXfEFZL? during sync time slot 

P«™ods 452, 453, 454, and 455 arranged at equal intervals of 

38. Any desired signal points are transmitted during the 
otter time slots. The transmitter 1 is also arranged to assign 
adata ibrthe time slot interval to the sync turung damS 
499of a sync data block, as shown in FIG 41 
m( r e H ^! ent r of a transmitting signal will be explained in 60 
more detail referring to FIG. 41. The time slot group 451 
caning the sync time slots 452, 453, 454, and 455 
represents a unit dam stream or block 491 carrying a data of 

im ^, 8 ^ C tirae sIots m the signal are arranged at equal « 

TZ^fj, 81 T ^ deteimined * ^ tfmedot inSval 
or sync nrmng data. Hence, when the arrangement of the 



a w. m Jf* me ^ Wock 493 is followed by 

Ln^^ ^ 0D ^ bl<K * 501 whicfl contains demodula 
of th^ n^^° ld , VOltages for Modulation 

H^,,T^ T}^- Ut QAM ^ This dam 
^f^f ^modulation of the multiple-bit QAM signal 
and may ^rmrferably be contained in a region 502 wWchisa 
part of tie sync bl ock 493 for ease of retrie vaL 

HG. 42 shows the assignment of signal dam for trans- 
mission of burst form signals through a TOmTuS^ 
The assignment is distinguished from that of FIG. 41 by 
the fact that a guard period 521 is inserted between any two 
adjacent Dn dam blocks 491 and 491 formterruSfr 
«gnal transmission. Also, each dam block 491 is ax the front 
end ofa sync region 522, the signal points at a phase* 
(2n- l)n/4 are only transmitxed. Accordingly, the carrier 

McS Z^ 011 ^ 11 1X5 fea5ibie ** 4 PSK receiver. 
More specifically, the sync signal and carrier waves can be 
reproduced through the TDMA method. 
The carrier wave reproduction of the first receiver 23 

• 44 - A i? own RG an input signal uVfcd 
ttissync Mkaected. A demodulated signal from the sy£ 
^? T J 41 " L tmnsferred to an output circuit 542 to 
n^ctionofthe first dam stream A dam of the phase syn^ 
^^^ment data region 499 (shown in FIG. 41) is 
remeved by an extracting timing controller circuit 543 so 
2^^. ° f ^ can be 



«i .w- - ~ ~™ ^ 00 * t"*«« sync control pulse 
2nl?Sr a, G * 44 ^ 8 ^ ^P^ction controlhng 
circuU 544. Also, the aeirKJorilated signal of the svnc deW 
torcucuit 541 is fed to a trequencySpu^ c^ntsTi 
where it is 4x multiplied prior to being trS^^ 
earner mpodiiction ^controlling circuit 544. The resultant 
signal denoted by 562 in FIG. 44 contains true pha^daL 

f£f™ rf ^ 0,6 ^ ^ slots 452 carr^gS 
^i^lil ^ ^ equal intervals. In the 

earner rermxhicing controlling circuit 544, the signal 562 is 
sampled by the phase sync control pulse 561 to^otmce a 
SZt ^ISf 31 565 which * then converted Srougt a 
sample and bold operation into a phase signal 566 The 
l 6 ? ? f ^ ^ repioduction coriil^ 
circuit 544 is fed through a loop filter 546 to a VC»547 
where its relevant carrier wave is rcrrroduced. The remi- 
duced carrier is then sent to the syr^^^circm-t «T 
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In this manner, the signal point data of the (2n-lW4 
Phase denoted by the shaded areas in FIG. 39 is revered 
and I utilized so that a correct carrier wave can be reprodS 
by 4x or I6x frequency multiplication. Although aSSuy 

* to time > Solute pCes of 
&e earner can be successfully be identified using a unique 
word assigned to the sync region 496 shown in FIG 41 
For ^mission of a modified 64 QAM signal such as 

JESS? •H Si8n ^ mS " P hase s ^ ai£? 4 £ 
at the (2n- 1)^4 phase denoted by the hatching are assigned 

W1 ? a 0001111011 4 PSK w« ver but can be 
successfully reproduced with the first receiver 23 of 4 PSK 

Sn^dCl^ With ^ rcprodudn fi circuit of the 

The foregoing carrier reproducing is of COSTAS tvne. A 

earner reproducing circuit of the reverse nwfo^rmW 

W1 ^ W .c be L eXplained to the embodiment 

FIG. 45 shows a reverse modulation type carrier repro- 

iucwg circuit according tn rt~ J.^.J P . . 
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dudng circuit accor^g^ 

a received signal is fed from the input unU^toYsvnc ^ dunng the period of the corresponding sync 

detector circuit S41 fhr „ ^ , , . . V ync ^ sl °k m the time slot ernun 451 tm 



a received signal is fed from the input unit 24 to a sync 
detector circuit 541 for producing a demodulated signl 
Also the input signal is delayed by a first delay circuital 
to a delay signal. The delay signal is then transferred to a 
t^Z^T modulator circuit 592 where it is reverse 25 
demodulated by the demodulated signal from the sync 
541 to H **** ^ carrier signal is 
ted through a earner reproduction controller circuit 544 tn a 
Phase comparator 593. A carrier wave produced b/avSo 

signal which is also fed to the phase comparator 593 A? he 
Phase comparator 593, the reverse demXatod carte 
signal is compared in phase with the delay signal thus 
££5^ ! «finaL The phase dfflbeS 

in turn produces a earner wave arranged in phase with the 
received earner wave. In the same manner as of the COS- 
l 2l f f mCT producing circuit shown in FIG. 43 an 
ofSST Uming COntroller «3 performs sampling 
a JS? ^ mtS """a""* in mc notching areas of FIG. 39 40 
^ ^f 7 ' J 6 ? lrier Wave ofa 16 or «* QAM signal can 
^produced with the 4 PSK demodulator of die first 



667 a subtracter circuit 668, and a multiplier 670. Further- 
more, a sin 169 signal is produced by the combination of an 
S^iT"^ " ^^chxuit 672, and a multiplier 
67^Then, the 16x multiplication is completed. 

JvJ^i*.**^ 16X ^Mication, the carrier 
^ ^|nal points of the modified 16 QAM signal 
shown in FIG. 46 will successfully be reproduced without 
extracting particular signal points. 

However, reproduction of the carrier wave of the modified 
64 QAM signal shown in FIG. 47 can involve an mcrease £ 

£s~ ^ to " n ° f ^ 

Two techniques are known for compensation for the 
ZS£*£2£^ transrnission of the signal 

points dislocated from the sync areas. This causes the uxal 
amount of transmitted data to be reduced but allows the 
arrangement to be facilitated. The other is r^vidinltorsvn^ 
tone dots as described in FIG. 38. In more 
signal points in the nrc/8 sync phase areas, e.g. 471 and 47U 
are transmitted rfm-in* th- -~i _i,. L 6 w,,lfll 



The reproduction of a carrier wave by 16x freouencv ™>~i- -~ » . , ~ * m**"* jmio mecuum 

^plication will be explained. The transmitter l^ho^ in 45 Z ^S^^S ^ 8 mcdium antenna, its owner 
FIG 1 is arranged to modulate and transmit a moSl6 %ZZTT th TLT^ ^ *« *» d ^ d 



WG LI is arranged to modulate and transmit a modified 1 16 
QAM signal with assignment of its signal points at mt/8 
pbase as shown in FIG. 46. At the first receiver* shovTui 
ta q ~L C>m f Wave be ^Produced with its COS- 
TAS earner reproduction controller circuit containing a I6x 50 

SJSST 1 *? lshowninFI G -48.Thesignalpomtsa^ 
each nrc/8 phase shown in FIG. 46 are recessed auhe fiist 
quntirant b the action of the I6x multiplier circuit 66L 



^^^^ 6 ^^P^^^ XTZZZ? ?l^-oeiverac«_mpanied with 



" ~ 7;^ , " muj a v w Aiso, the absolute phase 
may be determined from 16 different phases by assigim* a 
unique word to the sync region. 

The arrangement of the 16x multiplier circuit will he 
?XL? Cdrcfen ? n8 10 HG ^ A «im«gnal and adifferena 
signal are produced from the demodulated signal by an « 
adder arcuit 662 and a subtracter circuit 663^cctiveN 
and jhen^ multiplied together by a multiplier 664imoacos 
M signal. Also, a multiplier 665 produces a sin 26 ^ 
^te49 S S 8116 ^ multipUcd ^ a multiplier 666^0 

fl nH^n y ' adn ?^ g ^ fa ^^^ m thetwo^ " 
and cos 20, signals by the combination of an add^drcS 



^1- ".a 

m^pnSe^xor 8 ^ ^^^^-im- 

s intl D 2 pc^ 1 ^ ^ 16x nmltiplication aUows the 
simple 4 PSK receiver to reproduce the carrier wave of a 
modified 16 or 64 QAM signal Also, the msertion cf me 
sync time slots causes the phasic accuracy to be increased 
QAMsfgna^^^ 011 ° f Wam 6001 a modified 64 
As set forth above, the signal transmission system of the 
Present invention is capable of transmitting a plurality of 
data ja single earner wave simultaneously in the multiple 
signal level arrangemem. ^ 

More spctifically, three different level receivers which 
t\ ^7^f l r aCteriStiCS of intercepting sensitiv- 
nl JJT^^ C8pabaity ^ P^videdta relation to 
XSS^ 101 ^ 50 ^ "V OTC ^ them can be 
selected dependiog on a wanted data size to be demodulated 
which is proportional to the price. When the first receiverof 
W resolution quality and low price is acquired together 
with a small antenna, its owner can intercept icpS 
the first data stream of a transmissionTgnal. VvWtS 
second recover of medium resolution quality and medium 

Z ^T^, t08 ^ ^ 8 antcnna » its owner 

can intercept and reproduce both the first and second data 
s^ams of the signal When the third receiver of high 
^ U °- t qUallty ^ high ^ is acquired with a large 

^tercept and reproduce all the 
second, and third data streams of the signal. 

ff the first receiver is a home-use digital satellite broadcast 
receiver of low price, it wfll overwheuningly be welcome by 
a majonty of viewers. The second receiver accompS 
with the medium antenna costs more and will be accepted bv 
not common viewers but particular people who^ant to 
emov HDTV wrvt^o -n, a ■ p 10 



., : ic^civcr accompamed with 

Ote large antenna at least before the satelhToutpuTu 
maeased, is not appropriate for home use and will possibly 
be used m relevant industries. For example, tte third data 
stream carrying super HDTV signals is transmitted via a 
satellite to subscriber cinemas which canZT Wdeo 
J^nuher than traditional movie films and levies a 

When the present invention is applied to a TV signal 
trarismission service, three different quality rnctoreTare 
SS?? en one signal channel wave and wfl] offer cornpat- 
bOity wiA each other. Although the first embodiment refos 
to a 4 PSK, a modified 8 QAM, a modified 16 QAM, 
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modified 64 QAM signal, other signals will also be 
employed with equal success including a 32 QAM, a 256 
QAM, an 8 PSK, and a 16 PSK, a 32 PSK signal. It would 
be understood that the present invention is not limited to a 
satellite transmission system and can be applied to a terres- 
trial communications system or a cable transmission system. 

The transmission method of the invention can also be 
applied to a 4-level or 8-Ievel ASK signal as shown in FIG. 
58 and FIGS. 68(a) and (6), respectively. 

1 

EMBODIMENT 2 

A second embodiment of the present invention is featured 
in which the physical multi-level arrangement of the first 
embodiment is divided into small levels through e.g. dis- 1 
crimination in error correction capability, thus forming a 
logic multi-level construction. In the first embodiment, each 
multi-level channel has different levels in the electrical 
signal amplitude or physical demodulating capability. The 



30 



arrangement of the signal transmission system of the present 
invention can provide the same effect as of a traditional 
analogue transmission system in which the amount of 
receivable data is gradually lowered as the C/N rate 
decreases. 

The construction of the logic multi-level arrangement will 
be described in which there are provided two physical levels 
and two logic levels. FIG. 87 is a block diagram of a 
transmitter 1 which is substantially identical in construction 
to that shown in FIG. 2 and described previously in the first 
embodiment and will not be further explained in detail. The 
only difference is that error correction code encoders are 
added as abbreviated to ECC encoders. The divider circuit 3 
has tour outputs 1-1, 1-2. 2-1, and 2-2 through which four 
signals D w , D 2 _i, and D 2 2 divided from an input 
signal are delivered The two signals D t , and D t 2 are fed 
to two, main and sub, ECC encoders 872a and 873a of a first 
ECC encoder 871a respectively for converting to error 
correction code forms. 
The main ECC encoder 872a has a higher error correction 



O^St^S^t^ ™ ™!!^^ C ! °^ C ^ 20 ""P 8 ™* than that of the sub ECC encoder 873^fence! 
etmnf mhn.n " D,_, can be reproduced at a lower rate of C/N than as' 

apparent from the CN-level diagram of FIG. 85. More 
rwurticulariy, the logic level of is less affected by 
declination of the C/N than that of D,_ 2 . After error correc- 
tion code encoding, D,., and D 2 . 2 are summed by a summer 
874a to a Di signal which is then transferred to the modu- 
lator 4. The other two signals D^, and D 2 . 2 of the divider 
circuit 3 are error correction encoded by two, main and sub, 
ECC encoders 872 * and 873* of a second ECC encoder 
871* respectively and then, summed by a summer 8746 to 
a D 2 signal which is transmitted to the modulator 4. The 
main ECC encoder 8726 is higher in the error correction 
capability than the sub ECC encoder 8736. The modulator 4 
in turn produces from the two, D, and D 2 , input signals a 
multi-level modulated signal which is further transmitted 
from the transmitter unit 5. As understood, the output signal 
from the transmitter 1 has two physical levels D, and D 2 and 
also, four logic levels D,.„ D,_ 2 , D 2 . lt and based on the 
two physical levels for providing different error correction 
capabilities. 

The reception of such a multi-level signal will be expe- 
lained FIG. 88 is a block diagram of a second receiver 33 
which is almost identical in construction to that shown in 



duction capability such as error correction. For example, the 
data D, in a multi-level channel is divided into two, D M and 
Dj„ 2 , components and D,., is more increased in the error 
correction capability than D,_ 2 for discrimination. Accord- 
ingly, as the error detection and correction capability is 25 
different between D,_, and D t . 2 at demodulation, can 
successfully be reproduced within a given error rate when 
the C/N level of an original transmitting signal is as low as 
disenabling the reproduction of D^. This will be imple- 
mented using the logic multi-level arrangement 30 

More specifically, the logic multi-level arrangement con- 
sists of dividing data of a modulated multi-level channel and 
mscriminating distances between error correction codes by 
mixing error correction codes with product codes for vary- 
ing error correction capability. Hence, a more multi-level 
signal can be transmitted 

In fact, a D^, channel is divided into two sub channels D, 
and pj_ 2 and a D 2 channel is divided into two sub channels 
Dj., and D 2 . 2 . ^ 

This will be explained in more detail referring to FIG. 87 
in which D M is reproduced from a lowest C/N signal. If the 
C/N rate is d at minimum, three components D 2 _ I and 

D 2 . 2 cannot be reproduced while D ul is reproduced If C/N 

is not less than c, D^ 2 can also be reproduced Equally, when 45 nG : 21 and described in the first crnbodiment The second 

C/N is b, Dj.j is reproduced and when C/N is a, D 2 _ 2 is receiver 33 arranged for mtercepting multi-level signals 

reproduced As the C/N rate increases, the reprodudble from ^ transmitter 1 shown in FIG. 87 further comprises 

signal levels are increased in number. The lower the C/N, the 6x81 811(1 second ECC decoder 876a 8766, in which the 

fewer the reproducible signal levels. This will be explained demodulation of QAM, or any of ASK, PSK, and FSK if 

in the form of relationship between transmitting distance and 50 executed 

rerjroducible C/N value referring to FIG. 86. In common, the As shown in FIG. 88, a receiver signal is demodulated by 

C/N value of a received signal is decreased in proportion to the demodulator 35 to the two, D, and D 2 , signals which are 

the distance of transmission as expressed by the real line 861 then fed to two dividers 3a and 36 respectively where they 

in FIG. 86. It is now assumed that the distance from a are divided into four logic levels D,.„ Dj.j, D 2 „ and D^. 

transmitter antenna to a receiver antenna is La when C/N=a, 55 The four signals are transferred to the first and second ECC 

Lb when C/N=b, Lc when C/N=c Ld when C/N=d and Le decoders 876a and 8766 in which D, , is error corrected by 



when C/N=«. If the distance from the transmitter antenna is 
greater than Ld, D 1X can be reproduced as shown in FIG. 85 
where the receivable area 862 is denoted by the hatching. In 
other words, D,., can be reproduced within a most extended 60 
area. Similarly, D,. 2 can be reproduced in an area 863 when 
the distance is not more than Lc. In this area 863 containing 
the area 862, D,., can with no doubt be reproduced. In a 
small area 854, D^, can be reproduced and in a smallest area 
865. D 2 _ 2 can be reproduced As understood the different 65 
data levels of .a channel can be reproduced corresponding to 
degrees of declination in the C/N rate. The logic multi-level 



a main ECC decoder 877a, D ia by a sob ECC decoder 878a, 
D^, by a main ECC decoder 8776, D 2 „ 2 by a sub ECC 
decoder 8786 before all sent to the summer 37. In the rnixer 
37, the four, D Ml D x . 2 , D^,, and D^, error corrected 
signals are combined into a signal which is then delivered 
from the output unit 36. 

Since D,_, and D^ 2 are higher in the error correction 
capability than D,. 2 and D 2 . 2 respectively, the error rate 
remains less than a given value although C/N is fairly low 
as shown in FIG. 85 and thus, an original signal will be 
reproduced successfully. 
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itvte^T/ ^J""?** the error correction capabil- 
ity between the main ECC decoders 877a and 877*tf Mrf, 

code gain will now be described in more detaiL It is a Z 

in the code gam, to use in the sub ECC ET 
common coding technique, e.g. ft* tSJS^^K 
method, as shown in FIG. 165(6) for the ECC dec^ 
having a standard code distance and in %n7m^V 

128W, 128(0. A vanety of known techniques for fccnaufaff 
. . . y ,auiKU "* awau. lne present invention can hp 1 

SSL S3£r * f - 

Also, as shown in the block diagram of FIGS ioi ^ 

SSfv ^ 759* and 93^1^ 2t 

SS?S2 canfaI out ^ ^ of the Interieave 

Table 954 shown in FIG. 168(a). De-interleave RAM 
in the de-mterieaver 9366 is used for decoding thed^Bv 
to arrangement, the data transmission systj hTvm^h 
reliability with respect to the burst error can hpTS 25 
suiting in stable Sansmitted images 
The logic multi-level arrangement will be explained in 

error rate relation and the hne 882 represent d7 2 aisar^ 
At the ON rate of an input signal decreases, the error rate 
Z^Z*^™: 00 ™*?* ^^^iowerthanT^ 
S»5 ? ,2^ rate excecds a reference value Eth deter- 33 

rtS?T^ ^ rcCOnstructed - ^n ON is loweredto less 
toe line 881 ofD,., m FIG, 89. When e£ON<d, D. , of the 
£'re^ «■ 
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.T^^ri?? trarismission in which transmitting data 
is gradually decreased as the ON rate becomestow! oata 



When ON is d at the point 885J, D,_, having a hieher 
to D, a becomes nof hlghefS 
toeeZ^^ Ethandcanbe re P^ioed. At thf dm" 
^eenor rate of remains higher than Eth after eS « 
correction and wfll no longer be reproduced 

b, the D 2 signal becomes ready to be demodulated. 
When ON is increased to bat the point 885* D ofri*. 

S5£ SEtS* ^ ^e time, the error rate of D^j remains 
h£Z£F Wd WiU not be reproduced. When ON* 55 

e^^y^; f ^ 

discnrainatiori of the error conation car^ffitV 40 ^ "V" video signal 402 of super With reSSn TV 

levels, can be transmitted snXSeoST * W fed. o an input unit WofXX^StoJ? 

. Using the logic multi-level arrangement of the nresent fa^^^^^"*^^*"*^^ 

invention with a multi-level comm^on to which »M^T. f^^T^ ^ nreams « transtmttedS 

uigaCT revet is lost, digital signal transmission will suc«»™ c „ , 

my be executed without losing the advaraageT S «W ft^^^ ^ ^ W - «*«« 

9 »cwou wy, a trnrd 410, and a fourth video 



«' uewmes low. 

Thanlang to up-date compression techniques, com- 
pressed image data can be transmitted in the togfc n5Sti- 
h^ ar^ement for enabling a receiver station^ ^ 
duce a higher quality image than that of an analogue S S 
and also, with not sharply but at steps declining^ S 
level for ensunng signal interception in a wider a^Tte 
present invention can provide ^ extra c ffe^^tTniu^ 
' J*? arrangement which is hardly imrHemen^ L a 1^" 

In addition, the address data of the image segment data, 
miage expansion of the HDTV signal, is tnmsmitteTasb 

This high priority data is protected because the error rate 
of priority data D w does not increase notiST^aS 
dctenorauon of the cnaracteristic image quahW*d,2 
video transmissions is thus avoidedVZ aW de^ 

HGsTaf an?i C 70 ^ T ^ d ^So?76oTf 
WUb 133 and 170, respectively, can achieve mis eracefi,! 
} degradation effect with 16-leve^ I QAM^^aSdaS 

Sn^^ ^on of the JuS 

133^S 0re L aS ^ 0Wn m 1116 block diagrams of FIGS 
JS^U a h ? iffereilCein ^ error rZ^gh priori^ 

r^^^^^^^^Oo^orTcS 
of the high pnonty data by means of the ECC encoded? 
and trellis encoder 744b in th* %h hiT IT cncodcr 744a 
i»hn. . ° m ffic 2 nd data stream input 744 

rlT^ 13110 daerioralion . «» found in the teceS 
^ndjaons encountered with mobile television reai^a^ 
UK P«el block posihoning infonnation is 
B«^e unage block desmiction is thus prev^vtS 

under enremeJy poor receptioo amdiuons. e™™? 
EMBODIMENT 3 



33 



5,600,672 



34 



a low horizontal high vertical component or H,Y W signal 

rcS vS CCtiV , d , y -.' nK ^ H ^ H*-Y» signals arcihen 
subsampled into one half by two subsarnblers 457 and 458 
respectively and transferred to the compressing circuit 405. 

The high horizontal component is filtered by a vertical 
lowpass filter 459 and a vertical bighpass filter 460 into a 
high horizontal low vertical highpass component or H„V, 
signal and a high horizontal high vertical component or 
H ff W H signal respectively. The two, H H \ L and H„V«> 
signals are then suosampled into one half by two subsarn- 
plers 461 and 462 respectively and transferred to the com- 
pressing circuit 405. 

The H L V L signal is preferably DCT compressed by a first 
compressor 471 of the compressing circuit 405 and fed to a 
first output circuit 472 as the first data stream. 

Also, the H L \ „ signal is compressed by a second com- 
pressor 473 and fed to a second output circuit 464. The 
H V V L signal is compressed by a third compressor 463 and 



encoder 411 respectively which all are arranged identical in 
construction to the first video encoder 401 for data com- 
pression. 

auT^STa?? 1 da ^, streams torn their respective encoders 
401, 409, 410, and 411 are transferred to a first multiplexer 5 
413of a multiplexer 412 where they are time multiplexed by 
a TDM process into a first data stream multiplex signal 
which is fed to a transmitter 1. ^ 

A part or aU of the four second data streams from their 
respective encoders 401, 409, 410, and 411 are transferred to io 
a second multiplexer 414 of the multiplexer 412 where they 
are time multiplexed to a second data stream multiplex 
signal which is then fed transmitter 1. Also, a part or all of 
the four third data streams are transferred to a third multi- 
plexer 415 where they are time multiplexed to a data stream 15 
multiplex signal which is then fed to the transmitter I 

The transmitter 1 performs modulation of the three data 
stream signals with its modulator 4 by the same manner as 

described in the first embodiment. The modulated signals are « - -» r -/.«u 

sent from a transmitter unit 5 through an antenna 6 and an 20 {cdtoth * second output circuit 464. 
rn;Urik7toatramDonderl2ofa " 
transmits it to three different receivers including a first 
receiver 23. 

The modulated signal transmitted through a downlink 21 
is intercepted by a small antenna 22 having a radius r, and 
fed to a first data stream reproducing unit 232 of the first 
receiver 23 where its first data stream only is demodulated. 
The demodulated first data stream is then converted by a first 
video decoder 421 to a traditional 425 or wide-picture NTSC 
or video output signal 426 of low image resolution. 

Also, the modulated signal transmitted through a down- 
link 31 is intercepted by a medium antenna 32 having a 
radius r a and fed to a first 232 and a second data stream 
reproducing unit 233 of a second receiver 33 where its first 
and second data streams are demodulated respectively The 
demodulated first and second data streams arc then summed 
and converted by a second video decoder 422 to an HDTV 
or video output signal 427 of high image resolution and/or 
to the video output signals 425 and 426. 

Also, the modulated signal transmitted through a down- 
link 41 is intercepted by a large antenna 42 having a radius 
r 3 and fed to a first 232, a second 233, and a thiid data steam 
reproducing unit 234 of a third receiver 43 where its first, 
second, and third data streams are demodulated respectively 4 < 
The demodulated first, second, and third data streams are 
then summed and converted by a third video decoder 423 to 
a super HDTV or video output signal 428 of super high 
image resolution for use in a video theater or cinema. The 



oucerJ if desired. A common digital TV signal is transmitted 
from a conventional digital transmitter 51 and when inter- 
cepted by the first-receiver 23, will be converted to the video 
output signal 426 such as a low resolution NTSC TV signal. 

The first video encoder 401 will now be exrnained in more 55 
detail referring to the block diagram of FIG. 30. An input 
video signal of super high resolution is fed through the input 
unit 403 to the divider circuit 404 where it is divided into 
four components by sub-band coding process. In particular. 

the inmif vi/Wk oJmaf . i ■ . . 



The H^V^ signal is divided by a divider 465 into two high 
resolution (H„V„1) and super high resolution (H„V„2) 
video signals which are then transferred to the second output 
circuit 464 and a third output circuit 468 respectively 

The first video decoder 421 will now be explained in more 
detail referring to FIG. 31. The first data stream or D l signal 
of the first receiver 23 is fed through an input unit 501 to a 
descrambler 502 of the first video decoder 421 where it is 
descrambled. The descrambled D t signal is expanded by an 
- expander 503 to which is then fed to an aspectratio 
changing circuit 504. Thus, the signal can be delivered 
through an output unit 505 as a standard 500, letterbox 
format 507, wide-screen 508, or sidepanel format NTSC 
signal 509. The scanning format may be of non-inteiiace or 
35 interlace type and its NTSC mode lines may be 525 or 
doubled to 1050 by double tracing. When the received signal 
from the digital transmitter 51 is digital TV signal of 4 PSK 
mode, it can also be converted by the first receiver 23 and 
the first video decoder 421 to a TV picture. The second video 
40 decoder 422 will be explained in more detail referring to the 
block diagram of FIG. 32. The D, signal of the second 
receiver 33 is fed through a first input 521 to a first expander 
522 for data expansion and men, transferred to an oversam- 
pler 523 where it is sampled at 2x. The ovcrsampled signal 
is filtered by a vertical lowpass filter 524 into H^V^. Also 
the D 2 signal of the second receiver 33 is fed through a 
second input 530 to a divider 531 where it is divided into 
three components which are then transferred to second, 
third, and fourth expanders 532^534 respectively for data 



video output signals 425, 426. and 427 can also be reran- « ^ and fourth expanders 532^534 respectively for data 
duced if desired. A common digital TV signal is transmitted «P^n. The three expanded wrnponents are sampled at 



horizontal lowpass filter 451 and a horizontal highpass filter 
452 of eg. QAM mode to two, low and high, horizontal 
trequency components which are then subsampled into half 
of their quantities by two subsamplers 453 and 454 respec- 
tively. The low horizontal component is filtered by a vertical 65 
lowpass filter 455 and a vertical highpass filter 456 into a 
low horizontal low vertical component or H^V^ signal and 



2x by three oversamplers 535, 536. and 537 and filtered by 
a vertical highpass 538, a vertical lowpass 539, and a vertical 
highpass filter 540 respectively. Then, H^V, from the ver- 
tical lowpass filter 524 and H L V„ from the vertical highpass 
filter 538 are summed by an adder 525, sampled by an 
oversampler 541, and filtered by a horizontal lowpass filter 
542 into a low frequency horizontal video signal. H„V, 
from the vertical lowpass filter 539 and H H V a } from the 
vertical highpass filter 540 are summed by an adder 526 



highpass filter 545 to a high frequency horizontal video 
signal. The two, high and low frequency, horizontal video 
signals are then summed by an adder 543 into a high 
resolution video signal HD which is further transmitted 
through an output unit 546 as a video output 547 of eg 
HDTV format If desired a traditional NTSC video output 
can be reconstructed with equal success. 
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FIG. 33 is a block diagram of the third video decoder 423 
in which the D, and D 2 signals are fed through a first 521 
and a second input 530 respectively to a high frequency band 
video decoder circuit 527 where they are converted to an HD 
signal in the same manner as described above. The D, signal < 
is fed through a third input 551 to a super high frequency 
band video decoder circuit 552 where it is expanded 
descrarnbled, and composed into H^V^2 signal. The HD 
signal of the high frequency band video decoder circuit 527 
and the H^V„2 signal of the super high frequency band 
video decoder circuit 552 are summed by a summer 553 to 10 
a super high resolution TV or S-HD signal which is then 
delivered through an output unit 554 as super resolution 
video output 555. 

The action of multiplexing in the multiplexer 412 shown 
m FIG. 29 will be explained in more detail. FIG 34 15 
illustrates a data assignment in which the three, first, second, 
and third, data streams D lt D 2 , D 3 contain in a period of T 
six NTSC channel data LI, L2, L3, L4, L5, L6, six HDTV 
channel data Ml, M2, M3, M4, MS, M6 and six S-HDTV 
channel data HI, H2, H3, H4, H5, H6 respectively In 20 
operation, the NTSC or D, signal data LI to L6 are time 
multiplexed by TDM process during the period T. More 
particularly, H t V A of D, is assigned to a domain 601 for the 
first channel. Then, a difference data Ml between HDTV 
and NTSC or a sum of H.V,,, H„V^ and H„V„1 is assigned 25 
to a domain 602 for the first channel. Also, a difference data 
HI between HDTV and super HDTV or H„V„2 (See FIG 
30) is assigned to a domain 603 for the first channel. 

The selection of the first channel TV signal will now be 
described. When intercepted by the first receiver 23 with a 30 
small antenna coupled to the first video decoder 421, the first 
channel signal is converted to a standard or widescreen 
NTSC TV signal as shown in FIG. 31. When intercepted by 
the second receiver 33 with a medium antenna coupled to the 
second video decoder 422, the signal is converted by sum- 35 
rmng LI of the first data stream D, assigned into the domain 
601 and Ml of the second data stream D 2 assigned to die 
domain 602 to an HDTV signal of the first channel equiva- 
lent in program to the NTSC signal. 

When intercepted by the third receiver 43 with a large *° 
antenna coupled to the third video decoder 423. the signal is 
converted by summing LI of D, assigned to the domain 601 
Ml of D 2 assigned to the domain 602, and H, of D 3 assigned 
to the domain 603 into a super HDTV signal of the first 45 
channel equivalent in program to the NTSC signal The 
other channel signals can be reproduced in an equal manner. 

FIG. 35 shows another data assignment LI of a first 
channel NTSC signal is assigned to a fist domain 601 The 
domain 601 which is allocated at the front end of the' first so 
data stream D„ also contains at front a data S, t including a 
descrambling data and the demodulation data described in 
the first embodiment A first channel HDTV signal is trans- 
mitted as LI and ML Ml, which is thus a difference data 
between NTSC and HDTV, is assigned to two domains 602 55 
and 611 of D 2 . If LI is a compressed NTSC component of 
6 Mbps, Ml is two times higher, that is, 12 Mops. Hence, the 
total of LI and Ml can be demodulated at 18 Mbps with the 
second receiver 33 and the second video decoder 423. 
According to current data compression techniques, HDTV 60 
expressed signals can be reproduced at about 15 Mbps. 
This allows the data assignment shown in FIG. 35 to enable 
simultaneous reproduction of an NTSC and HDTV first 
channel signal. However, this assignment allows no second 
channel HDTV signal to be carried. S21 is a descramblinp 65 
data in the HDTV signal. A first channel super HDTV signal 
component comprises LI, Ml, and HI. The difference data 



36 



HI is assigned to three domains 603, 612, and 613 of D, If 
^^S,! 8 " 31 is 6 WDTV is as high as 

36 Mbps. When a compressed rate is increased, super HDTV 
video data of about 2000 scanning line for reproduction of 
a cinema size picture for commercial use can be transmitted 
in an equal manner. 

FIG. 36 shows a further data assignment in which HI of 
a super HDTV signal is assigned to six time domains. If a 
NTSC compressed signal is 6 Mbps, this assignment can be 
mne times higher, that is, 54 Mbps of D 3 data. Accordingly 
super HDTV data of higher picture quality can be transmit' 



The foregoing data assignment makes the use of one of 
two, horizontal and vertical, polarization planes of a trans- 
mission wave. When both the horizontal and vertical polar- 
ization planes are used, the frequency utilization will be 
doubled. This will be explained below. 

FIG. 49 shows a data assignment in which D w and D„, 
are a vertical and a horizontal polarization signal of the first 
data stream respectively, D w and D^ are a vertical and a 
horizontal polarization signal of the second data stream 
respectively, and D w and D OT are a vertical and a horizontal 
polarization signal of the third data stream respectively. The 
vertical polarization signal D„ of the first data stream 
carries a low frequency band or NTSC TV data and the 
hor^ntalpolarization signal D m carries a high frequency 
band or HDTV data. When the first receiver 23 is equipped 
with a vertical polarization signal D m carries a high fre- 
quency band or HDTV data. When the first receiver 23 is 
equipped with an antenna for both horizontally and verti- 
cally polarized waves, it can reproduce the HDTV signal 
through summing LI and Ml. More specifically, the first 
receiver 23 can provide compatibiHty between NTSC and 
HDTV with the use of a particular type antenna. 

FIG. SO illustrates a TDMA method in which each data 
burst 721 is accompanied at front a sync data 731 and a card 
data 741. Also, a frame sync data 720 is provided at the front 
of a frame. Like channels are assigned to like time slots For 
example, a first time slot 750 carries NTSC. HDTV and 
super HDTV data of the first channel simultaneously The 
six time slots 750, 750a, 750*. 750c, 750J, 750*, arranged 
independent from each other. Hence, each station can offer 
NTSC HDTV, and/or super HDTV services independently 
of the other stations through selecting a particular channel of 
the time slots. Also, the first receiver 23 can reproduce an 
NTSC signal when equipped with a horizontal polarization 
antenna and both NTSC and HDTV signals when equipped 
with a compatible polarization antenna. In this respect, the 
second receiver 33 can reproduce a super HDTV at lower 
resolution while the third receiver 43 can reproduce a full 
super HDTV signal. According to the third embodiment, a 
compatible signal transmission system will be constructed. 
It is imderstood that the data assignment is not Iiinited to the 
burst mode TDMA method shown in FIG. 50 and another 
method such as time division multiplexing of continuous 
signals as shown in FIG. 49 will be employed with equal 
success. Also, a data assignment shown In FIG. 51 will 
permit a HDTV signal to be reproduced at high resolution. 

As set forth above, the compatible digital TV signal 
transmission system of the third embodiment can offer three 
super HDTV, HDTV, and conventional NTSC, TV broadcast 
services simultaneously. In addition, a video signal inter- 
cepted by a commercial station or cinema can be dectron- 
ized. 

The modified QAM of the embodiments is now termed as 
SRQAM and its error rate will be examined. 
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Hist, the error rate in 16 SRQAM will be calculated FIG. 
99 shows a vector diagram of 16 SRQAM signal points. As 
apparent from the first quadrant, the 16 signal points of 
standard 16 QAM including 83a, 83£, 84a, 83a are allocated 5 
at equal intervals of 25. 

The signal point 83a is spaced 5 from both the I-axis and 
the Q-axis of the coordinate. It is now assumed that n is a 
shift value of the 16 SRQAM. In 16 SRQAM, the signal 
point 83a of 16 QAM is shifted to a signal point 83 where 10 
the distance from each axis is nS. The shift value n is thus 
expressed as: 
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The other signal points 84a and 86a are also shifted to two 
points 84 and 86 respectively. 

Ifthe error rate of the first data stream is Pe„ it is obtained 20 
from: 

^ = 

Also, the error rate Pe^ of the second data stream is obtained 30 
from: 




Pi-* = 



The error rate of 36 or 32 SRQAM will be calculated. 
FIG. 100 is a vector diagram of a 36 SRQAM signal in 
which the distance between any two 36 QAM signal points 
is 25. 

The signal point 83a of 36 QAM is spaced 6 from each 45 
axis of the coordinate. It is now assumed that n is a shift 
value of the 16 SRQAM. In 36 SRQAM, the signal point 
83a is shifted to a signal point 83 where the distance from 
each axis is nS. Similarly, the nine 36 QAM signal points in 50 
the first quadrant are shifted to points 83, 84, 85, 86, 97, 98, 
99, 100, 101 respectively. If a signal point group 90 com- 
prising the nine signal points is regarded as a single signal 
point, the error rate Pe x in reproduction of only the first data 55 
stream D, with a modified 4 PSK receiver and the error rate 
in reproduction of the second data stream D 2 after 
discriminating the nine signal points of the group 90 from 
each other, are obtained respectively from: 



FIG. 101 shows the relationship between error rate Pe and 
C/N rate in transmission in which the curve 900 represents 
a conventional or not modified 32 QAM signal. The straight 
line 905 represents a signal having 10 -1 - 3 of the error rate. 
The curve 901a represents a D, level 32 SRQAM signal of 
the present invention at the shift rate n of 1.5. As shown, the 
C/N rate of the 32 SRQAM signal is 5 dB lower at the error 
rate of lCT 1 -* than that of the conventional 32 QAM. This 
means that the present invention allows a D, signal to be 
reproduced at a given error rate when its C/N rate is 
relatively low. 

The curve 902a represents a D 2 level SRQAM signal at 
0=1.5 which can be reproduced at the error rate of 1QT 1JS 
only when its C/N rate is 2.5 dB higher than that of the 
conventional 32 QAM of the curve 900. Also, the curves 
901fc and 9026 represent D, and D 2 SRQAM signals at 
n=2.0 respectively. The curves 902c represents a D 2 
SRQAM signal at n=2.5. It is apparent that the C/N rate of 
the SRQAM signal at the error data of 10~ lJ is 5 dB, 8 dB, 
and 10 dB higher at n=1.5, 2.0, and 2.5 respectively in the 
D t level and 25 dB lower in the D 2 level than that of a 
common 32 QAM signal. 

Shown in FIG. 103 is the C/N rate of the first and second 
data streams D lt D 2 of a 32 SRQAM signal which is needed 
for maintaining a constant error rate against variation of the 
shift n. As apparent, when the shift n is more than 0.8, there 
is developed a clear difference between two C/N rates of 
their respective D l and D 2 levels so that the multi-level 
signal, namely first and second data, transmission can be 
implemented successfully. In brief, o>0.85 is essential for 
multi-level data transmission of the 32 SRQAM signal of the 
present invention. 

FIG. 102 shows the relationship between the C/N rate and 
the error rate for 16 SRQAM signals. The curve 900 
represents a common 16 QAM signal The curves 901a, 
9012>, 901c and D t level or first data stream 16 SRQAM 
signals at n=1.2, 1.5, and 1.8 respectively. The curves 902a, 
901b, 902c are D 2 level or second data stream 16 SRQAM 
signals at n=U, 1 J, and 1.8 respectively. 

The C/N rate of the first and second data streams D„ D 2 
of a 16 SRQAM signal is shown in FIG. 104, which is 
needed for maintaining a constant error rate against variation 
of the shift n. As apparent, when the shift n is more than 0.9 
(n>0.9), the multi-level data transmission of the 16 SRQAM 
signal will be executed. 

One example of propagation of SRQAM signals of the 
present invention will now be described for use with a digital 
TV terrestrial broadcast service. FIG. 105 shows the rela- 
tionship between the signal level and the distance between 
a tra n s m it te r antenna and a receiver antenna in the terrestrial 
broadcast service. The curve 911 represents a transmitted 
signal from the transmitter antenna which is 1250 feet high. 
It is assumed that the error rate essential for reproduction of 
an applicable digital TV signal is 10~ ,J . The hatching area 
912 represents a noise interruption. The point 910 represents 
a signal reception limit of a conventional 32 QAM signal at 
C/N=15 dB where the distance Lis 60 miles and a digital 
HDTV signal can be intercepted at minimum. 

The C/N rate varies 5 dB under a worst case receiving 
condition such as bad weather. If a change in the relevant 
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condition, eg. weather, attenuates the C/N rate, the inter- 
ception of an HDTV signal will hardly be ensured. Also 
geographical conditions largely affect the propagation of 
signals and a decrease of about 10 dB at least wfll be 
unavoidable. Hence, successful signal interception within 60 5 
miles will never be guaranteed and above all, a digital signal 
wiD be harder to propagate than an analogue signal. It would 
be understood that the service area of a conventional digital 
TV broadcast service is less dependable. 

In case of the 32 SRQAM signal of the present invention to 
or the 8- VSB shown in FIG. 68, three-level signal transmis- 
sion system is constituted as shown in FIGS. 133 and 137 
This permits a low resolution NTSC signal of MPEG level 
to be carried on the 1-1 data stream Di „ a medium 
^f^onTV dax&ofc.s.mSCsystcmvobccamcdontht is 
i^Zdata stream D,_ 2 , and a high frequency component of 
HDTV data to be carried on the second data stream D 2 
Accordingly, the service area of the 1-2 data stream of the 
SRQAM signal is increased to a 70 mile point 910a while of 
the second data stream remains within a 55 mile point 9106 20 
as shown in FIG. 105. FIG. 106 illustrates a computer 
simulation result of the service area of the 32 SRQAM signal 
of the present invention, which is similar to FIG. 53 but 
plains it in more detail. As shown, the regions 708, 703c, 
703a, 7036, and 712 represent a conventional 32 QAM 25 
receivable area, a 1-1 data level D M receivable area, a 1-2 
data level D,_ 2 receivable area, a second data level D^ 
receivable area, and a service area of a neighbor analogue 
TV station respectively. The conventional 32 QAM signal 
data used in this drawing is based on a conventionally 30 
disclosed one. ' 

For common 32 QAM signal, the 60-mile-radius service 
area can be established theoretically. The signal level will 
however be attenuated by geographical or weather condi- 
tions and particularly, considerably declined at near the limit 35 
of the service area. 

If the low frequency band TV component of MPEG1 
grade is carried on the 1-1 level D,., data and the medium 
frequency band TV component of NTSC grade on the 1-2 
level D^a data and high frequency band TV component of 40 
HDTV on the second level D 2 data, the service area of the 
32 SRQAM signal of the present invention is increased by 
10 miles in radius for reception of an EDTV signal of 
medium resolution grade and 18 miles for reception of an 
U3TV signal of low resolution grade although decreased by as 
5 miles for reception of an HDTV signal of high resolution 
grade, as shown in FIG. 106. FIG. 107 shows a service area 
in case of a shift factor n or s=1.8. FIG. 135 shows the 
service area of FIG. 107 in terms of area. 

More particularly, the medium resolution component of a 50 
digital TV broadcast signal of the SRQAM mode of the 
preset invention can successfully be intercepted in an unfa- 
vorable service region or shadow area where a conventional 
medium frequency band TV signal is hardly propagated and 
attenuated due to obstacles. Within at least the predeter- 55 
mined service area, the NTSC TV signal of the SRQAM 
mode can be intercepted by any traditional TV receiver: As 
the shadow or signal attenuating area developed by building 
structures and other obstacles or by interference of a neigh- 
bor analogue TV signal or produced in a low land is 60 
decreased to a minimum, TV viewers or subscribers will be 
increased in number. 

^ Also, the HDTV service can be appreciated by only a few 
viewers who afford to have a set of high cost HDTV receiver 
and display, according to the conventional system. The 65 
system of the present invention allows a traditional NTSC, 
PAL, or SECAM receiver to intercept a medium resolution 
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component of the digital HDTV signal with the use of an 
additional digital tuner. A majority of TV viewers can hence 
enjoy the service at less cost and will be increased in 
number. This will encourage the TV broadcast business and 
create an extra social benefit 

Furthermore, the signal receivable area for medium reso- 
lution or NTSC TV service according to the present inven- 
tion is increased about 36% at n=2_5, as compared with the 
conventional system, As the service area thus the number of 
TV viewers is increased, the TV broadcast business enjoys 
an increasing profit. This reduces a risk in the development 
of a new digital TV business which wfll thus be encouraged 
to put into practice. 

FIG. 107 shows the service area of a 32 SRQAM signal 
of the present invention in which the same effect will be 
ensured at n=l .8. Two service areas 703a and 7036 of D, 
and D 2 signals respectively can be (Jetennined in extension 
for optimum signal propagation by varying the shift n 
considering a profile of HDTV and NTSC receiver distri- 
bution or geographical features. Accordingly, TV viewers 
will satisfy the service and a supplier station wfll enjoy a 
maximum of viewers. 
This advantage is given when: 



n>1.0 

Hence, if the 32 SRQAM signal is 
determined by; 



1<D<5 



selected, the shift n is 



Also, if the 16 SRQAM signal is employed, n is determined 
by: 



l<n<3 



In the SRQAM mode signal terrestrial broadcast service 
in which the first and second data levels are created by 
shifting corresponding signal points as shown in FIGS 99 
and 100, the advantage of the present invention wfll be given 
when the shift n in a 16, 32, or 64 SRQAM signal is more 
than 1.0. 

In the above embodiments, the low and high frequency 
band components of a video signal are transmitted as the first 
and second data streams. However, the transmitted signal 
may be an audio signal. In this case, low frequency or low 
resolution components of an audio signal may be transmitted 
as the first data stream, and high frequency or high resolu- 
tion components of the audio signal may be transmitted as 
the second data stream. Acoirdingly, it is possible to receive 
high C/N portion in high sound quality, and low C/N portion 
in low sound quality. This can be utilized in PCM broadcast, 
radio, portable telephone and the like. In this case, the 
broadcasting area or communication distance can be 
expanded as compared with the conventional systems. 

Furthermore, the third embodiment can incorporate a time 
division multiplexing (TDM) system as shown in FIG 133 
Utilization of the TDM makes it possible to increase the 
number of subchannels. An ECC encoder 743a and ECC 
encoder 7435, provided in two subchannels, differentiate 
ECC code gains so as to make a difference between thresh- 
olds of these two subchannels, whereby an increase in the 
number of channels of the multi-level signal transmission 
canbe realized. In tins case, it is also possible to provide the 
ECC encoder, such as two Trellis encoders 743a and 7436 
for VSB-ASK signals of 4 VSB, 8 VSB, 16 VSB as shown 
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in FIG. 137 and differentiate their code gains. The explana- 
tion of this block diagram is substantially identical to that of 
later described block diagram of FIG. 131 which shows the 
sixth embodiment of the present invention and, therefore, 
will not be described here. 5 

FIG. 131 is a block diagram of the magnetic recording and 
reproducing apparatus, and FIG. 137 is a block diagram of 
the transmission apparatus. 

The up converter of the transmitter and the down con- 
verter of the receiver of the transmission apparatus can be 10 
substituted for the magnetic head recording signal amplifier 
circuit and the magnetic head reproducing signal amplifier 
circuit of the magnetic recording and reproducing apparatus, 
respectively, and there respective components are therefore 
identically constructed. The configuration and operation of is 
the modulator and demodulator of the magnetic recording 
and reproducing apparatus are therefore also identical to 
those of the transmission apparatus. Similarly, the recording/ 
ieprtxlucmg/transirassion system shown in FIG. 84 is iden- 
tical in construction to the transmission system shown in 20 
FIG. 156. To further simplify the system, the configuration 
shown in the block diagram of FIG. 157 can be used, or for 
even greater simplification the block diagram of FIG. 158 
can be used. 

In a simulation of FIG. 106, there is provided 5 dB 25 
difference of a coding gain between 1-1 subchannel D,. , and 
1-2 subchannel D^. 

An SRQAM is the system applying a C-CDM (Constel- 
lation-Code Division Multiplex) of the present invention to 
a rectangle-QAM. A C-CDM, which is a multiplexing 30 
method independent of TDM or FDM, can obtain subchan- 
nels by dividing a constellation-code corresponding to a 
code. An increase of the number of codes will bring an 
expansion of transmission capacity, which is not attained by 



Because the second signal 721a, having a large information 
amount as shaded in the drawing, cannot be received in such 
a case and only the first signal 720a, having a small 
information amount, is received. Consequently, a pecture 
quality brought by the second level will be extremely worse. 

However, the present invention resolves this problem. 
According to the present invention, the first signal 720 is 
given by 32 SRQAM mode which is obtained through 
C-CDM modulation so that the subchannel A is divided into 
two subchannels 1 of A and 2 of A The newly added 
subchannel 1 of A, having a lowest threshold value, carries 
a low resolution component The second signal 721 is also 
given by 32 SRQAM mode, and a threshold value for the 
subchannel 1 of B is equalized with the threshold 2. 

With this arrangement, the region in which a transmitted 
signal is not received when the signal level decreases below 
the threshold 2 is reduced to a shaded portion of the second 
signal 721a in FIG. 108. As the subchannel 1 of B and the 
subchannel A are both receivable, the transmission amount 
is not so much reduced in total Accordingly, a better picture 
quality is reproduced even in the second level at the signal 
level of the threshold 2. 

By transmitting a normal resolution component in one 
subchannel, it becomes possible to increase the number of 
multiple level and expand a low resolution service area. This 
low-threshold subchannel is utilized for transmitting impor- 
tant information such as sound information, sync informa- 
tion, headers of respective data, because these information 
carried on this low-threshold subchannel can be surely 
received. Thus stable reception is feasible. If a subchannel is 
newly added in the second signal 721 in the same manner, 
the number of levels of multi-level transmission can be 
increased in the service area. In the case where an HDTV 
signal has 1050 scanning lines, an new service area equiva- 



TDM or FDM alone, while maintaining almost perfect 35 lent to 775 lines can be provided in addition to 525 lines. 



compatibility with conventional communication apparatus. 
Thus C-CDM can bring excellent effects. 

Although above embodiment combines die C-CDM and 
the TDM, it is also possible to combine the C-CDM with the 
FDM (Frequency Division Multiplex) to obtain similar 40 
modulation effect of threshold values. Such a system can be 
used for a TV broadcasting, and FIGS. 108(a)-108(e) show 
shows a frequency distribution of a TV signal. A spectrum 
725 represents a frequency distribution of a conventional 
analogue, e.g. NTSC, broadcasting signal. The largest signal 45 
is a video carrier 722. A color carrier 723 and a sound carrier 
724 are not so large. There is known a method of using an 
FDM for dividing a digital broadcasting signal into two 
frequencies. In this case, a earner is divided into a first 
carrier 726 and a second carrier 727 to transmit a first 720 50 
and a second signal 721 respectively. Interference can be 
lowered by placing first and second carriers 726 and 727 
sufficiently far from the video carrier 722. The first signal 
720 serves to transmit a low resolution TV signal at a large 
output level, while the second signal 721 serves to transmit 55 
a high resolution TV signal at a small output level. Conse- 
quently, die multi-level signal transmission making use of an 
FDM can be realized without being bothered by obstruction. 

FIG. 134 shows an example of a conventional method 



Accordingly, the combination of the FDM and the 
C-CDM realizes an increase of service area. Although above 
embodiment divides a subchannel into two, it is needless to 
say it is also possible to divide it into three or more parts. 

Next, a method of avoiding obstruction by combining the 
TDM and the C-CDM will be explained. As shown in FIG. 
109, an analogue TV signal includes a horizontal retrace line 
portion 732 and a video signal portion 731. This method 
utilizes a low signal level of the horizontal retrace line 
portion 732 and non-display of obstruction on a picture 
plane during this period. By synchronizing a digital TV 
signal with an analogue TV signal, horizontal retrace tine 
sync slots 733 and 733a of the horizontal retrace line portion 
732 can be used for transmission of an important signal, e.g. 
a sync signal or numerous data at a high output level Thus , 
it becomes possible to increase the data amount or output 
level without increasing obstruction. A similar effect will be 
expected even if vertical retrace line sync slots 737 and 737a 
are provided synchronously with vertical retrace line por- 
tions 735 and 735a 

FIG. 110 shows a principle of the C-CDM. Furthermore, 
FIG. HI shows a code assignment of the C-CDM equivalent 
to an expanded 16 QAM. FIG. 112 shows a code assignment 
of the C-CDM equivalent to an expanded 32 QAM. As 



using a 32 QAM system. As the subchannel A has a larger 60 shown in FIGS. 110 and 111, a 256 QAM signal is divided 



output than the subchannel B, a threshold value for the 
subchannel A, i.e. a threshold 1, can be set small 4-5 dB than 
a threshold value for the subchannel B, Le. a threshold 2. 
Accordingly, a two-level broadcasting having 4-5 dB 
threshold difference can be realized. In this case, however, 
a large reduction of signal reception amount will occur if the 
receiving signal level decreases below the threshold 2. 



into four, 740a, 7406, 740c, and 7404, levels which have 4, 
16, 64, and 256 segments, respectively. A signal code word 
7424 of 256 QAM on the fourth level 7404 is "11111111" of 
8 bits. This is split into four code words 741a, 741&, 741c, 
and 7414 of 2-bits— i-e. "11", "11", "11", "11", which are 
then allocated on signal point regions 742a, 7426, 742c, and 
7424 of first, second, third, and fourth levels 740a, 7405, 
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740c, and 7404 respectively. As a result, subchannels 1, 2, 
3, and 4 of 2 bits are created. This is termed C-CDM 
(Constellation-Code Division Multiplex). FIG. Ill shows a 
detailed code assignment of the C-CDM equivalent to 
expanded 16 QAM, and FIG. 112 shows a detailed code s 
assignment of the C-CDM equivalent to expanded 32 QAM 
As the C-CDM is an independent multiplexing method, it 
can be combined with the conventional FDM (Frequency 
Division Multiplex) or TDM (Time Division Multiplex) to 
further increase the number of subchannels. In this manner, 10 
the C-CDM method realizes a novel multiplexing system. 
Although the C-CDM is explained by using rectangular 
QAM, other modulation system having signal points, eg. 
QAM, PSK, ASK, and even FSK if frequency regions are 
regarded as signal points, can be also used for this multi- is 
plexing in the same manner. 

For example, the error rate of the subchannel 1 of 8PS- 
APSK, explained in the embodiment 1 with reference to 
FIG. 139, will be expressed as follows: 

20 

The error rate of the subchannel 2 is expressed as follows: 



Furthermore, the error rate of the subchannel 1 of 16-PS- 
APSK (PS type), explained with reference to FIG. 142, will 30 
be expressed as follow: 

"~-*-*(^)'Mirf-)- M 

The error rate of the subchannel 2 is expressed as follows: 40 
1 -r( Sl *\ l ^( (5.-52)5 \ 
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The error rate of the subchannel 3 is expressed as follows: 

= T e *(-2?-) 50 

EMBODIMENT 4 

A fourth embodiment of the present invention will be 55 
described referring to the relevant drawings. 

FIG. 37 illustrates the entire arrangement of a signal 
transmission system of the fourth embodiment, which is 
arranged for terrestrial service and similar in both construc- 
tion and action to that of the third embodiment shown in 60 
FIG. 29. The difference is that the transmitter antenna 6 is 
replaced by a terrestrial antenna 6a and the receiver antmnas 
22, 23, and 24 are also replaced by three terrestrial antennas 
22a, 23a, and 24a. The action of the system is identical to 
that of the third embodiment and will not be explained in 65 
more detail. The terrestrial broadcast service unlike a satel- 
lite service depends much on the distance between the 



transmitter antenna 6a to the receiver antennas 22a, 32a, and 
42a. If a receiver is located far from the transmitter, the level 
of a received signal is low. Particularly, a common multi- 
level QAM signal can hardly be demodulated by the receiver 
which thus reproduces no TV program. 

The signal transmission system of the present invention 
allows the first receiver 23 equipped with the antenna 22a, 
which is located at a far distance as shown in FIG. 37, to 
intercept a modified 16 or 64 QAM signal and demodulate 
at 4 PSK mode the first data stream or D, component of the 
received signal to an NTSC video signal so that a TV 
program picture of medium resolution can be displayed even 
if the level of the received signal is relatively low. 

Also, the second receiver 33 with the antenna 32a is 
located at a medium distance from the antenna 6a and can 
thus intercept and demodulate both first and second data 
streams or D, and D 2 components of the modified 16 or 64 
QAM signal to an HDTV video signal which in turn 
produces an HDTV program picture. 

The third receiver 43 with the antenna 42a is located at a 
near distance and can intercept and demodulate the first, 
second, and third data streams or D lf D 2 , and D 3 compo- 
nents of the modified 1 6 or 64 QAM signal to a super HDTV 
video signal which in turn produces a super HDTV picture 
in quality to a common movie picture. 

The assignment of frequencies is determined by the same 
manner as of the time division multiplexing shown in FIGS. 
34, 35, and 36. Like FIG. 34, when the frequencies are 
assigned to first to sixth channels, LI of the D, component 
carries an NTSC data of the first channel, Ml of the D 2 
component carries an HDTV difference data of the first 
channel, and HI of the D 3 component carries a super HDTV 
difference data of the first channel. Accordingly, NTSC, 
HDTV, and super HDTV data all can be carried on the same 
channel. If D 2 and D 3 of the other channels are utilized as 
shown in FIGS. 35 and 36, more data of HDTV and super 
HDTV respectively can be transmitted for higher resolution 
display. 

As understood, the system allows three different but 
compatible digital TV signals to be carried on a single 
channel or using D 2 and D 3 regions of other channels. Also, 
the medium resolution TV picture data of each channel can 
be intercepted in a wider service area according to the 
present invention. 

A variety of terrestrial digital TV broadcast systems 
employing a 16 QAM HDTV signal of 6 MHz bandwidth 
have been proposed. Those are however not compatible with 
the existing NTSC system and thus, have to be associated 
with a simulcast technique for transmitting NTSC signals of 
the same program on another channel. Also, such a common 
16 QAM signal limits a service area. The terrestrial service 
system of the present invention allows a receiver located at 
a relatively far distance to intercept successfully a medium 
resolution TV signal with no use of an additional device nor 
an extra channel. 

FIG. 52. shows an interference region of the service area 
702 of a conventional terrestrial digital HDTV broadcast 
station 701. As shown, the service area 702 of the conven- 
tional HDTV station 701 intersects with the service area 712 
of a neighboring analogue TV station 711. At the intersect- 
ing region 713, an HDTV signal is attenuated by signal 
interference from the analogue TV station 711 and will thus 
be intercepted with less consistency. 

FIG. 53 shows an interference region associated with the 
multi-level signal transmission system of the present inven- 
tion. The system is low in the energy utilization as compared 
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with a conventional system and its service area 703 for 
HDTV signal propagation is smaller man the area 702 of the 
conventional system. On the contrary, the service area 704 
for digital NTSC or medium resolution TV signal propaga- 
tion is larger than the conventional area 702. The level of 5 
signal interference from a digital TV station 701 of the 
system to a neighboring analogue TV station 711 is equiva- 
lent to that from a conventional digital TV station, such as 
shown in FIG. 52. 

In the service area of the digital TV station 701, there are , ( 
three interference regions developed by signal interference 
from the analogue TV station 711. Both HDTV and NTSC 
signals can hardly be intercepted in the first region 705. 
Although fairly interfered, an NTSC signal may be inter- 
cepted at an equal level in the second region 706 denoted by 
the left down hatching. The NTSC signal is carried on the l! 
first data stream which can be reproduced at a relatively low 
ON rate and will thus be minimum affected when the C/N 
rate is declined by signal interference from the analogue TV 
station 711. 

At the third region 707 denoted by the right down 21 
hatching, an HDTV signal can also be intercepted when 
signal interference is absent while the NTSC signal can 
constantly be intercepted at a low level. 

Accordingly, the overall signal receivable area of the 
system will be increased although the service area of HDTV 
signals becomes a little bit smaller than that of the conven- 
tional system Also, at the signal attenuating regions pro- 
duced by interference from a neighboring analogue TV 
station, NTSC level signals of an HDTV program can 
successfully be intercepted as compared with the cooven- . 
tional system where no HDTV program is viewed in the 
same area. The system of the present invention much 
reduces the size of signal attenuating area and when 
increases the energy of signal transmission at a transmitter , 
or transponder station, can extend the HDTV signal service 
area to an equal size to the conventional system. Also, NTSC 
level signals of a TV program can be intercepted more or 
less in a far distance area where no service is given by the 
conventional system or a signal interference area caused by „ 
an adjacent analogue TV station. 

Although the embodiment employs a two-level signal 
transmission method, a three-level method such as shown in 
FIG. 78 will be used with equal success. If an HDTV signal 
is divided into three picture levcls-HDTV, NTC, and low 45 
resolution NTSC, the service area shown in FIG. 53 will be 
increased from two levels to three levels where the signal 
propagation is extended radially and outwardly. Also, low 
resolution NTSC signals can be received at an acceptable 
level at the first signal interference region 705 where NTSC 50 
signals are hardly be intercepted in the two-level system. As 
understood, the signal interference is also involved from a 
digital TV station to an analogue TV station 

The description will now be continued, provided that no 
digital TV station should cause a signal interference to any ss 
neighboring analogue TV station. According to a novel 
system under consideration in U.S A., no-use channels of 
the existing service channels are utilized for HDTV and 
thus, digital signals must not interfere with analogue signals. 
For the purpose, the transmitting level of a digital signal has 60 
to be decreased lower than that shown in FIG. 53. If the 
digital signal is of conventional 16 QAM or 4 PSK mode, its 
HDTV service area 708 becomes decreased as the signal 
interference region 713 is fairly large as shown in FIG. 54. 
This results in a less number of viewers and sponsors, 65 
whereby such a digital system will have much difficulty in 
operating as a profitable business. 
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FIG. 55 shows a similar result according to the system of 
the present invention. As apparent, the HDTV signal receiv- 
able 703 is a little bit smaller than the equal area 708 of the 
conventional system. However, the lower resolution or 
NTSC TV signal receivable area 704 will be increased as 
compared with the conventional system. The hatching area 
represents a region where the NTSC level signal of a 
program can be received while HDTV signal of the seme is 
hardly intercepted. At the first interference region 705, both 
HDTV and NTSC signals cannot be intercepted due to signal 
interference from an analogue station 711. 

When the level of signals is equal, the multi-level trans- 
mission system of the present invention provides a smaller 
HDTV service area and a greater NTSC service area for 
interception of an HDTV program at an NTSC signal level. 
Accordingly, the overall service area of each station is 
increased and more viewers can enjoy its TV broadcasting 
service. Furthermore, HDTV/NTSC compatible TV busi- 
ness can be operated with economical advantages and con- 
sistency. It is also intended that the level of a transmitting 
signal is increased when the control on averting signal 
interference to neighboring analogue TV stations is lessened 
corresponding to a sharp increase in the number of home-use 
digital receivers. Hence, the service area of HDTV signals 
will be increased and in this respect, the two different 
regions for interception of HDTV/NTSC and NTSC digital 
TV signal levels respectively, shown in FIG. 55, can be 
adjusted in proportion by varying the signal point distance in 
the first and/or second data stream. As the first data stream 
carries information about the signal point distance, a multi- 
level signal can be received with more certainty. 

FIG. 56 illustrates signal interference between two digital 
TV stations in which a neighboring TV station 701a also 
provides a digital TV broadcast service, as compared with an 
analogue station in FIG. 52. Since the level of a transmitting 
signal becomes high, the HDTV service or high resolution 
TV signal receivable area 703 in increased to an extension 
equal to the service area 702 of an analogue TV system. 

At the intersecting region 714 between two service areas 
of their respective stations, the received signal can be 
reproduced not to an HDTV level picture using a common 
directional antenna due to signal interference but to an 
NTSC level picture with a particular directional antenna 
directed towards a desired TV station. If a highly directional 
antenna is used, the received signal from a target station will 
be reproduced as an HDTV picture. The low resolution 
signal receivable area 704 is increased larger than the 
analogue TV system service area 702 and a pair of inter- 
secting regions 715 and 716 developed by the two low 
resolution signal receivable areas 704 and 704a of their 
respective digital TV stations 701 and 701a permit the 
received signal from an antenna directed to one of the two 
stations to be reproduced as an NTSC level picture. 

The HDTV service area of the multi-level signal trans- 
mission system of the present invention itself will be much 
increased when applicable signal restriction rules are with- 
drawn in a coming digital TV broadcast service maturity 
time. 

At the time, the system of the present invention also 
provides as a wide HDTV signal receivable area as of the 
conventional system and particularly, allows its transmitting 
signal to be reproduced at an NTSC level In a further 
distance or intersecting areas where TV signals of the 
conventional system are hardly intercepted. Accordingly, 
signal atte nuat i n g or shadow regions in the service area will 

be mlninrfy^yl 
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A fifth embodiment of the present invention resides in 
amplitude modulation or ASK procedure. FIG. 57 illustrates 
the assignment of signal points of a 4-level ASK signal, such 
as VSB signal, according to the fifth embodiment, in which 5 
four signal points are denoted by 721, 722, 723, and 724. 
FIG. 68(c) shows the constellation of 8-level VSB signal 
The four-level transmission permits a 2-bit data to be 
transmitted in every cycle period where as the eight-level 
transmission permits a 4-bit data It is assumed that the four 10 
signal points 721, 722, 723, and 724 in the case of 4 VSB 
represent two-bit patterns 00, 01, 10, and 11 respectively. 

In FIG. 58, the constellation of 4-level ASK, such as 
4-level VSB, is shown. For ease of four-level signal trans- 
mission of the embodiment, the two signal points 721 and 15 
722 are designated as a first signal point group 725 and the 
other two signal points 723 and 724 are designated as a 
second signal point group 726. The distance between the two 
signal point groups 725 and 726 is then determined wider 



and second data streams D, and D 2 of a given signal 
transmitted through the multi-level transmission system can 
be reproduced at the area where the C/N rate is high and the 
first data stream D, only can be reproduced in the area where 
the C/N rate is low. 

FIG. 61 is a block diagram of a transmitter 741 in which 
an input unit 742 comprises a first data stream input 743 and 
a second data stream input 744. A carrier wave from a carrier 
generator 64 is amplitude modulated by a multiplier 746 
using an input signal fed through a processor 745 from the 
input unit 743 to provide the 4-level or 8-level ASK signal, 
as shown in FIG. 62(a). The modulated signal, Le., the 
4-level or 8-level ASK signal is then band limited by a band 
pass filter 747 into a vestigial side band having some 
residual side band of the carrier, as shown in FIG. 62(6), Le., 
to an ASK signal of e.g, VSB mode which is then delivered* 
from an output unit 748. 

The waveform of the ASK signal after filtering will now 
be examined FIG. 62(a) shows a frequency spectrum of the 
ASK modulated signal in which two sidebands are provided 



than that between any two adjacent signal points. More 20 00 both sides of the carrier frequency band. One of the two 



specifically, the distance Lq between the two signals 722 and 
723 is arranged wider than the distance L between the two 
adjacent points 721 and 722 or 723 and 724. 
This is expressed as: 

23 

Lo>L 

Hence, the multi-level signal transmission system of the 
embodiment is based on I^>L. The embodiment is however 30 
not limited to L^L, and Lo=L will be employed temporarily 
or permanently depending on the requirements of design, 
condition, and setting. In the case of VSB, the constellation 
shown in FIGS. 68(a) and {b) are taken. 



sidebands is eliminated by the filter 474 to produce a signal 
749 which contains a carrier component as shown in FIG. 
62(6). The signal 749 is a VSB signal and if the modulation 
frequency band is fo, will be transmitted in a frequency band 
of about f</2. Hence, the frequency utilization becomes 
high. Using VSB mode transmission, the ASK signal of two 
bit per symbol shown in FIG. 60 can thus carry in the same 
frequency band an amount of data equal to that of 16 QAM 
mode at four bits per symbol for 4 VSB, and 32 QAM mode 
at five bits per symbol for 8 VSB. 

FIG. 63 is a block diagram of a receiver 751 in which an 
input signal intercepted by a terrestrial antenna 32a is 
transferred through an input unit 752 to a mixer 753 where 
it is mixed with a signal from a variable oscillator 754 
The two signal point group are assigned one-bit patterns 35 controlled by channel selection to a lower medium tre- 



of the first data stream D„ as shown in FIG. 59(a). More 
particularly, a bit 0 of binary system is assigned to the first 
signal point group 725 and another bit 1 to the second signal 
point group 726. Then, a one-bit pattern of the second data 
stream D 2 is assigned to each signal point For example, the 40 
two signal points 721 and 723 are assigned and the 
other two signal points 722 and 724 are assigned D^l. 

The multi-level signal transmission of the present inven- 
tion can be implemented in an ASK mode using the fore- 
going signal point assignment. The system of the present 45 
invention works in the same manner as of a conventional 
equal signal point distance technique when the signal to 
noise ratio or C/N rate is high. If the C/N rate becomes low 
and no data can be reproduced by the conventional tecb- 



quency signal. The signal from the mixer 753 is then 
detected by a detector 755 and filtered by an LPF 756 to a 
baseband signal which is transferred to a discriminating/ 
demodulator circuit 757 which has 4-level sheer in the case 
of 4 VSB, and 8-level sheer in the case of 8 VSB. The 
discrimination/demodulator circuit 757 reproduces two, first 
Dj and second D 2 , data streams from the baseband signal 
and transmits them further through first and second data 
stream output 758 and 759 respectively. 

The transmission of a TV signal using such a transmitter 
and a receiver will be explained. FIG. 64 is a block diagram 
of a video signal transmitter 774 in which a high resolution 
TV signal, e.g. an HDTV signal, is fed through an input unit 
403 to a divider circuit 404 of a first video encoder 401 
ruque, the present system ensures reproduction of the first 50 where it is divided into four high/low frequency TV signal 
data stream D, but not the second data stream D 2 . In more components denoted by e.g. H,V 7J .H,V,„ H„V, and 
detail, the state at low ON is shown in FIG. 60 illustrating H„V /r This action is identical to that of me^rinf embodi- 
tne constellation of ASK of 4 VSB. The signal points ment previously described referring to FIG. 30 and will not 
traisnntted are displaced by a Gaussian distrigution to be explained in more detail. The four separate TV signals are 
ranges 721a, 722a, 723a, and 724a respectively at the 55 encoded respectively by a compressor 405 using a known 
receiver side due to noise and transmission distortion. There- DPCMDCT variable length code encoding technique which 
fore, the distinction between the two signals 721 and 722 in is commonly used eg. in MPEG. Meanwhile, the motion 
the case of slice level 2 or between 723 and 724 in the case compensation of the signal is carried out at the input unit 
of slice level 4 will hardly be executed. In other words, the 403. The compressed signals are summed by a summer 771 
error rate in the second data stream D 2 will be increased. As 60 into two, first and second, data streams D. and D 2 The low 
apparent from FIG. 60, the two signal points 721 and 722 are frequency video signal component or H, V, signal is con- 
e^riyjstmguished from the other two signal points 723 and tamed in the first data stream D,. The two data stream 
™- The distinction between the two signal point groups signals D, and D 2 are then transferred to first and second 
725 and 726 can thus be carried out with ease. As the result, dam stream inputs 743 and 744 of a transmitter unit 741 
the first data stream Dj will be reproduced at a low error rate. 65 where they are amplitude modulated and summed into an 
Accordingly, the two different level data D, and D 2 can be ASK signal of eg. VSB mode which is propagated from a 
transmitted simultaneously. More particularly, both the first terrestrial antenna for broadcast service 
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FIG. 65 is a block diagram of a TV receiver for such a 
digital TV broadcast system. A4-VSB or 8-VSB digital TV 
signal intercepted by a terrestrial antenna 32a is fed to an 
input 752 of a receiver 781. The signal is then transferred to 
a VSB detection/demodulation circuit 760 where a desired 
channel signal is selected and demodulated to two, first and 
second, data streams D, and D a which are then fed to first 
and second data stream outputs 758 and 759 respectively. 
The operation in the receiver unit 751 is similar to that 
described previously and will not be explained in more i 
detail. The two data streams D, and D 2 are sent to a di vider 
unit 776 in which D, is divided by a divider 777 into two 
components; one or compressed H^V t is transferred to a first 
input 521 of a second video decoder 422 and the other is fed 
to a summer 778 where it is summed with D 2 prior to l 
transfer to a second input 531 of the second video decoder 
422. Compressed H L V L is then sent from the first input 521 
to a first expander 523 where it is expanded to H £ V^ of the 
original length which is then transferred to a video mixer 
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the overall construction can be minimize d. It is a good idea 
to have the first video decoder 421 shown in FIG. 31 as a 
video decoder of the receiver. Accordingly, an NTSC level 
picture will be reproduced. The receiver is fabricated at 
much less cost as having no capability to receive any HDTV 
level signal and will widely be accepted in the market In 
brief, the receiver can be used as an adapter tuner for 
interception of a digital TV signal with giving no modifi- 
cation to the existing TV system including a display. 

When a scrambled 4-level VSB or 8-leveI VSB is 
received as shown in FIG. 66, the scramble cancellation 
signal transmitted with the 4- or 8-level VSB signal is 
compared by the descramble number comparator 5026 with 
the number stored in the descramble number register 502c in 
the descrambler 502. Only when the transmitted stored 
numbers match is descrambling of specific scrambled trans- 
missions permitted. 

The TV receiver 781 may have a further arrangement 
shown in FIG. 67, which serves as both a satellite broadcast 



548 and an aspect ratio changing circuit 779. When the input 20 receiver for demodulation of PSK signals and a terrestrial 



TV signal is an HDTV signal, U L V L represents a wide- 
screen NTSC signal. When the same is an NTSC signal, 
H L V L represents a lower resolution video signal, eg. 
MPEG1, that an NTSC level. 

The input TV signal of the embodiment is an HDTV 25 
signal and H £ y L becomes a wide-screen NTSC signal. If the 
aspect ratio of an available display is 16:9, H^V^ is directly 
delivered through an output unit as a 16:9 video output 426. 
If the display has an aspect ratio of 4:3, H £ V r is shifted by 
the aspect ratio changing circuit 779 to a letterbox or 30 
sidepanel format and men, delivered from the output unit 
780 as a corresponding format video output 425. 

The second data stream D 2 fed from the second data 
stream output 759 to the summer 778 is summed with the 
output of the divider 777 to a sum signal which is men fed 35 
to the second input 531 of the second video decoder 422. 
The sum signal is further transferred to a divider circuit 531 
while it is divided into three compressed forms of H^V*, 
HtfV^, and H^V^ The three compressed signals are then fed 



broadcast receiver for demodulation of VSB signals. In 
operation, a PSK signal received by a satellite antenna 32 is 
mixed by a mixer 786 with a signal from an oscillator 787 
into a low frequency signal which is then fed through an 
input unit 34 to a mixer 753 similar to one shown in FIG. 63. 
The low frequency signal of PSK or QAM mode in a given 
channel of the satellite TV system is transferred to a modu- 
lator 35 where two data streams D t and D 2 are reproduced 
from the signal. D, and D 2 are sent through a divider 788 to 
a second video decoder 422 where they are converted to a 
video signal which is then delivered from an output unit 780. 
Also, a digital or analogue terrestrial TV signal intercepted 
by a terrestrial antenna 32a is fed through an input unit 752 
to the mixer 753 where one desired channel is selected in the 
same manner as described in FIG. 63 and converted into to 
a low frequency base band signal. The signal of analogue 
form is sent directly to the demodulator 35 for demodula- 
tion. The signal of digital form is then fed to a discrimina- 
tion/demodulation circuit 757 where two data streams D, 

r\ - j j r- .. . . _ 1 



to a second 535, a third 536, and a fourth expander 537 40 and D 2 are reproduced from the signal. D, and D„ are 



respectively for converting by expansion to H^V^ H^V^., 
and H^V,^ of the original length. The three signals are 
summed with H^V^ by the video mixer 548 to a composite 
HDTV signal which is fed through an output 546 of the 
second video decoder to the output unit 780. Finally, the 45 
HDTV signal is delivered from the output unit 780 as an 
HDTV video signal 427. 

The output unit 780 is arranged for detecting an error rate 
in the second data stream of the second data stream output 



converted by the second video decoder 422 into a video 
signal which is then delivered further. A satellite analogue 
TV signal is transferred to a video demodulator 788 where 
it is AN modulated into an analogue video signal which is 
then delivered from the output unit 780. As understood, the 
mixer 753 of the TV receiver 781 shown in FIG. 67 is 
arranged to be compatible between two, satellite and terres- 
trial, broadcast services. Also, a receiver circuit including a 
detector 755 and an LPF 756 for AM modulation of an 



ASK signal of the terrestrial TV serivice. The major part of 
the arrangement shown in FIG. 67 is arranged for compat- 
ible use, thus minimizing a circuitry construction. 



759 through an error rate detector 782 and if a condition in 50 analogue signal can be utilized compatible with a durital 

which the error rate is high continues for a predetermined * « v — 1 -* 1 — — • — 6 
time, H^Vj, of low resolution video data systematically are 
produced for a predetermined time. 

Accordingly, the multi-level signal transmission system According to the enibodiment, a 4-level ASK signal is 

for digital TV signal transmission and reception becomes 55 divided into two, D, and D 2 , level components for execution 

feasible^Fbr example, if a TV signal transmitter station is of the one-bit mode multi-level signal tiausmissioa If an 

near, both the first and second data streams of a received 8-level ASk signal as shown in FIGS. 68(a) and (b) fflus- 

agrtal can successfully be reproduced to exhibit an HDTV trating the constellation of the 8-VSB signal, Le. 8-level 

quality picture. If the transmitter station is far, the first data VSB signal is used, it can be transmitted in a one-bit mode 

stream can be reproduced to which is converted to a 60 three-level, D lf D 2> and D 3 , arrangement, thus, three bits pre 

low resolution TV picture. Hence, any TV program will be symbol in total. A shown in FIG. 68(a), the first bit coding 

intercepted in a vjoder area and displayed at a picture quality is done as follows. D 3 is assigned to eight signal points721a 

ranging from HDTV to NTSC level. and 721!, 722a and 7226; 723* Bnd723bZdnL anS 

r •! ™ 15 » block diagram showing another arrangement 7246, each pair, i.e., small group, representing a two-level 

i V ^ ow ^ receiver unit 751 contains 65 pattern using one bit Next, the second bit coding is done as 

only a first data stream output 768 and thus, the processing follows. D 2 is assigned to two signal point groups 721 and 

of the second datastrearn or 722; and 723 and 724, two inid grm^ rcpresentinra 
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two-level pattern using one bit Next, the third bit coding is 
done as follows. D lt is assigned to two large signal point 
groups 725 and 726 representing a two-level pattern using 
one bit More particularly, this is equivalent to a form in 
which each of the four signal points 721, 722, 723, and 724 5 
shown in FIG. 57 is divided into two components thus 
producint, at the maximum, three different level data. 

As understood from the above, each of the eight signal 
points is assigned with three bit data (D„ D 2 , D3). For 
example, if left side and right side are defined as logic 0 and 10 
logic 1, respectively, the three bit data (D„ D 2 , D3) for the 
signal point 722a will be (0, 1, 0). This can be explained as 
follows. Since the signal point 722a is in the left side of the 
two large groups 725 and 726, logic 0 is given to D,. Also, 
the signal point 722a is in the right side of the two mid 15 
groups 721 and 722, so that logic 1 is given to D 2 . Further 
the signal point 722a is in the left side of the two small 
groups 722a and 722b, so that logic 0 is given to D 3 . In a 
similar manner, the three bit data (D„ D,, for the signal 
point 723a will be (1,0,0). M 

The three-level signal transmission, such as for the digital 
HDTV, is identical to that described in the third and fourth 
embodiments and will no further be explained in detail. 

The effects of television broadcasting using the 8-level 
VSB shown in FIGS. 68(a), (fc), and (c) are described below. 25 

While the transmitted data quantity is high with 8-level 
VSB, it also has a higher error rate than 4-level VSB for the 
same ON value. However, in high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more error correction coding, and the error 30 
rate can thus be reduced. This band capacity also enable 
multi-level (hierarchical) television broadcasts and other 
new features in the future. 

The relative effects of 4-level, 8-level, and 16-level VSB 
are described below. 

In ground station broadcasts using the NTSC or PAL 
frequency band, the usable transmission band is effectively 
limited to approximately 5 MHz because of the 6-MHz 
frequency limit of the NTSC format, for example, as shown 

in PTf~i 1 1£ VUitU a 1~ 1 von .1 a- . _ i.. . 
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in FTfi 1% with rw vcnT «■ "~"T C ' , u appropriate wim 8-level VSB because of 3 bits/symb 
in blU. 136. With 4-level VSB, the effective data transmis- 40 coding. The data quantity is comnresseri ir\ in ,hT™ 
sion quantity is 5 MHzx4=20 Mbns became th. ft™™™ tl* ^^^T^l com P rcss ^ 2/3 m this case. 
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sion quantity is 5 MHzx4=20 Mops because the frequency 
utilization efficiency is 4 bits/Hz. A minimum of 15 
Mbps-18 Mbps is required, however, for digital HDTV 
signal transmission. Because there is no spare capacity with 

/Llounl UCD .1 t I . r- r * 



circuitry, the circuit scale of the equalizer in the receiver is 
significantly smaller than that of receivers using QAM 
rm>dulation, which contains a phase component, because 
VSB and ASK are amplitude modulation methods. As a 
result, an 8-level VSB circuit board containing the error 
correction circuit is smaller than an equivalent 32-level 
QAM board with the same transmission capacity. 

A digital HDTV receiver with an appropriate circuit scale 
and a large ground station broadcasting service area can 
therefore be achieved using 8-level VSB. 

Note that the ECC 744a and trellis encoder 744o in the 
transmitter and receiver block diagrams of FIG. 84 for the 
present enibodiment, FIGS. 131, 137, 156, and 157 for 
embodiment 6, and FIG. 144 for embodiment 9 are used as 
examples of the specific error correction method, and the 4- 
8-, and 16-level VSB modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 described with reference to FIG. 63 is used 
in the receiver to generate the digital reception data by 
means of the 4-, 8-, and 16-level level slicer 757 from the 4-, 
8-, and 16-level VSB signal. After error correction by means 
of the trellis decoder 7596 and ECC decoder 759a, described 
below with reference to FIG. 84 for the present embodiment, 
and FIGS. 131, 137. 156, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 402, and the digital HDTV signal is then 
output. 

As shown in FIGS. 160(a) and (6) described below with 
the sixth embodiment, the ECC encoder 744a uses a Reed- 
Solomon encoder 744/ and interleaver 744*, and uses a 
demterieaver 759* and Reed-Solomon decoder 759/ for the 
ECC decoder 759a. Applying interleaving as described in 
the previous einbodiment improves resistance to transmis- 
sion system noise such as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS 
128(a), 00, {c), (d), («), and (f). A ratio 2/3 trellis encoder 
744a and decoder 159b as shown in FIG. 172 are most 
appropriate with 8-level VSB because of 3 bits/symbol 



The embodiments have been described using primarily 
the example of a multilevel (merarchical) digital television 
signal. While an ideal broadcasting format can be achieved 
t-le^wiTfor^AZZ™ — """^^c^F^uy wun using a multilevel signal, the image compression circuit and 
wwlo-^0% o^S^fF^ J*™*<*» « modulator/demodulator circmrbecome ^complex, a^d 

only 10-20% of the HDTV effective transmission quantity are therefore not preferable due to cost for the start of new 
™- if . "sting service! As descried" be^£g JZ 

is 5MhJS Jk!? f ^ ve ^^missionquantity fifth embodiment, a broadcasting system wTarinnle 

actual HDTV signal transmission quantity can be used for *hnwn i« ran ict] tJ;,™ ™ . M 
error correction coding as shown in FIG. 169. As shown by 
error rate curves 805 and 806 in FIG. 161, the error rate 55 
relative to the same ON value in the transmission system is 
less with TCM 8-level VSB than with 4-level VSB, even 
through error correction code gain is greater with 8-level 
VSB than with 4-level VSB, because significantly more 



" " ■ m£uiiji«iiu¥ more constellation. As shown in FIG. 159(b) the sienal hetwwn 

error common coding can be added with 8-lcvel VSB « two signal points is grouped mtc S'^uns^S 
dunng ground station broadcasting of same^ata-rate HFYrv ^i^tT^-J "^ZZ-T?^ groups 722o-722A, 



shown in FIG. 157. Once the HDTV format is in Cummuu 
use, it is then possible to change to a hierarchical 8-level 
VSB transmission format. 

Four- and 8-level VSB have been described above, and 
16- and 32-level VSB are described below with reference to 
FIGS. 159(aM*). FIG. 159(a) shows the 16-level VSB 
constellation. As shown in FIG. 159(a), the signal between 
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during ground station broadcasting of same-data-rate HDTV 
digital signals using the 6-MHz band As a result, 8-level 
VSB with high code gain error correction coding also has the 

Sv°S,' ,^"^ i 2, arc ? f S r cf 0U „ n l-? tati011 ,aM W a™ di^io- multiplexing even when imer- 

^^^L^^.^„ V 'L V ? B ' 65 transmitting an g-levd VSB^Sal. TtemSiZn 

?2 d«a ^ with this method FKXlS7(c), the data is 

8 level VSB does increase the complexity of the receiver further grouped into four groups 723o-7234 which can be 



which are treated as eight signal points and can be treated as 
8-level VSB signals to enable a two-stage multilevel trans- 
mission. In this case, multilevel transmission can be 
achieved with time division multiplexing even when inter- 
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handled as 4-lcvcl VSB signals adding one more level to the 
hierarchy. While the maximum data rate drops with time 
division multiplex transmission of 4-Ieve! VSB signals, 
multilevel transmission is possible with 3-stage multilevel 
VSB transmission. 

With this method, a multilevel transmission whereby 
8-level VSB or 4-level VSB data can be reproduced when 
the C/N ratio of the 16-ieveI VSB data deteriorates can be 
achieved. By doubling the signal points of the 16-level VSB 

format n* shnum in T7TO ica/vrt 01 1 1 tmn . . . 
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is enaoieo. When lo-level VSB canacrtv is increased in th* t« tfc««,»fc ^ ^ ^ r" 47 
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is enabled. When 16-level VSB capacity is increased in the 
future, this method will maintain compatibility while mak- 
ing it possible to obtain a 6-bit/symbol data capacity. 
By summarizing the above, the VSB receiver shown in 



three-level transmission of a video signal. More particularly 
a third video decoder 423 is provided which contains two 
mixers 556 and 556a of different processing capability as 
shown in the block diagram of FIG. 71. 

Also, the third video decoder 423 may be modified in 
which the same action is executed with one single mixer 556 
as shown in FIG. 72. At the first timing, five swatches 765, 
765a, 7656, 765c, 16Sd remains turned to the position 1 
Hence, H £ V^ H £ V„ H«V^ and H„V„ are fed from a first 



shown in the block diagram of FIG. 162 can be achieved HmW th. <~~>jL°n7? SS^JStl^! secaad . 
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shown in the block diagram of FIG. 162 can be achieved. 

While 4-level VSB and 8-level VSB are used by way of 
example above, 16-level VSB as shown in FIGS. 159(a)-(c) 
can also be used for transmission. With 16-level VSB, a 
40-Mbps transmission capacity can be used with a 6-MHz 20 
band in ground station broadcasting. Because the data rate of 
the HDTV digital compression signal is 15-18 Mbps using 
the MPEG standard, there is excessive reserve in the trans- 
mission capacity. As shown in FIG. 169, redundancy R 1<5 = 
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to through their respective switches to the mixer 556 where 
they are mixed to a single video signal. The video signal 
which represents H^-H of an input high resolution video 
signal is then fed back through the tenrrinal 1 of the switch 



Wmsnuttag one channel digital HDTV, and the cteutev is Sv^i uvS^JVtf. 5 *f .?? vaa *. 
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transmitting one channel digital HDTV, and the circuitry is 
simply made more complex with little additional advantage 
gained over 8-level VSB. In addition, 16-level VSB redun- 
dancy is only about 10%, the same as 4-level VSB redun- 
dancy, in ground station HDTV broadcasting of two pro- 
grams with 16-level VSB. As a result, the service area is 
reduced because sufficient error correction coding cannot be 
applied with two-program 16-level VSB. As described 
before, sufficient error correction cannot be applied with 

A Aat ul \/CD I .« • • 
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timing; the four switches 765, 765a, 765a, 765c are turned 
to the point 2. Thus, H^H, H^-H, H^H, and 
M f v z.- H are transferred to the mixer 556 where they are 
mixed to a single video signal which is then sent across the 
terminal 2 of the switch 765rf to the output unit 554 for 
further delivery. 

In this manner of time division processing of a three-level 
signal, two mixers can be replaced with one mixer. 
More particularly, four components H^ H.V^ H M V„ 
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service area is limited. As will be known from FIG. 169, 
sufficient error correction coding can be achieved with 
8-leyel VSB because the redundancy R«=50%. A broad 
service area can also be achieved without significantly. 



Then, HtV^H, H^-H, and H^V^H are fed at the second 
timing delayed from the first timing and mixed with H, V,-H 
to a target video signal. It is thus essential to perform the two 
actions at an interval of time. 

If the four cornponents are overlap each other or are 
supplied in a variable sequence, they have to be tune-base 
adjusted to a given sequence through using memories 
accompanied with their respective switches 765, 765a, 
765*, and 765a In die foregoing manner, a signal is trans- 
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the third embodiment shown in FIG. 30 is replaced by a 
modification of the block diagram of FIG. 69. The operation 
of the modified arrangement is similar and will not be 
explained in greater detail. Two video signal divider circuits 
404 and 404a which may be sub-band filters are provided 
forming a divider unit 794. The divider unit 794 may also be 
arranged more simple a shown in the block diagram of FIG. 
70, in which a signal passes across one signal divider circuit 
two times at time division mode. More specifically, a video 

Clonal nf. A UrVTl/ imn, r . 
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shown m FIG. 73 so that no time-base controlling circuit is 
needed in the receiver which is thus arranged more compact 
As shown in FIG. 73, D, is the first data stream of a 
transnutting signal and H„V^ and H„V„ are 



is Ume-base compressed by a rime-base comoressor 795 and Hv.lv th. i.tt^^ _^ A^T! ^ «Uf respec- 
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is time-base compressed by a time-base compressor 795 and 
fed to the divider circuit 404 where it is divided into four 
components, H^H, H ff V r -H, and H^H, and H^- 
H, at a first cycle. At the time, four switches 765, 765a, 765o 

ind TiCCx . i »_ .1 ... .. . _ ' 



at the period of second timing, H^ and H„V H , are 
transmitted on D 2 channel. As the signal is transmitted in a 
time division sequence, the encoder in the receiver can be 
arranged more simple. 

The technique of re&icing me rainiberofthe expanders in 
the decoder will now be explained. FIG. 74(b) shows a 
time-base assignment of four data components 810, 810a, 
810a, and 810c of a signal. When other four data compo- 
nents 811, 811a, 811a. and 811c are inserted between the 



and 7*^ \,,ZZr: .1 - . /TOa ' Wi at a first mput 521 and transfers them i 

JfV^ T£ ^J^TJ 80 ^"-H- 55 ^ to an expander 5<0 one after another. 
ri w v,-Jl, and H r V«-H. are rranfimittMl tn a mm^..-.. ti T. ... , .. 



H « v /rH, and H^V^H, are transmitted to a compressing 
circuit 405. Meanwhile, H^-H is fed back through the 
temiinal 1 of the switch 765c to the time-base compressor 
795. At a second cycle, the four switches 765, 765a, 765a 
and 765c turned to the position 2 and all the four compo' 
nents of the divider circuit 404 are simultaneously trans- 
ferred to the compressing circuit 405. Accordingly, the 
divider unit 769 of FIG. 70 arranged for time division 
processing of an input signal can be constructed in a simpler 
dividing circuit form. 

At the receiver side, such a video decoder as described in 
the third embodiment and shown in FIG. 30 is needed for 



_ — -j- — — » ww, auu oj-ix. respec- 
tively, the latter can be transmitted at intervals of time. In 
operation, the second video decoder 422 shown in FIG. 
74(a) receives the four cornponents of the first data stream 
D, at a first input 521 and transfers them through a switch 

11) (am A CM A ., 



More particularly, the component 810 first fed is 
expanded (luring the feeding of the component 811 and after 
completion of processing the component 810. the succeed- 
ing component 810a is fed. Hence, the expander 503 can 
60 process a row of the components at time intervals by the 
same time division maimer as of the mixer, thus substituting 
for the simultaneous operation of a number of expanders. 

FIG. 75 is a time-base assignment of data comnonents of 
an HDTV signal, in which H^l) of an NTSC component 
65 of the first channel signal for a TV program is allocated to 
a data domain 821 of D l signal. Also, H^V^ H a V u and 
H„V B carrying HDTV additional components of the first 
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chamiel signal are allocated to three domains 821a, 821b 
and 821c of D 2 signal respectively. There are provided other* 
daa components 822, 822a, 822*, and 822^ between t£ 
data components of the first channel signal which can thus 
be expanded with an expander circuit during transmission of 5 
the other data. Hence, all the data components of one 
channel agnal will be processed byTSngle expaX 
capable of operating at a higher speed H 

Similar effects will be ensured by assignment of the data 
component* toother domains 821, 821a, 821A, and 821c as 10 
shown m FIG. 76. This becomes more effective in trans^ 
E ^.^^ of a wmmon 4 PSK or ASK signal 
having no different digital levels. 

n ™ w 77 shows 2 fine-base assignment of data compo- 
^5^, P ^ tW °- Ievcl t'^mission of three dif^ 15 
ferent signal level data: e.g. NTSC HDTV, and super HDTV 
otIow resolution NTSC. standard resolution NTSC, and 
HDTV For example, for transmission of three data compo- 
nents of low resoluUon NTSC, standard NTSC, and HDTV 
the low resolution MTcr> rr \i •__„__.. v ' 
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*c low resolution NTSC or H^ is allocated to thTdata 20 TV « ™ ? ^^J tY ^ foaf - levcl Emission of a 
domain 821 of D x signal. Also, H,V~ H TL h v^ ^ Slgml wU te fea siWe using the addition of a D, siSal 
1 x^,? ' "£ v "» "// v ^ and H^V^of and a suner n.«ni.,ti«« uty™ , "3 wgnai 
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u» standard NTSC component are allocated to three 
domains 821a, 821£, 821c respectively. H/vVR H V R 
and H„V H, of the HDTV^ponV^S to 
domains 823. 823a, and 823a respectively 10 

I7n *? ' " f 0 ? 1 by ^ block dia S rams of PIGS. 156 and 
170. a logic level arrangement based on cfascrimination in the 
error correction capability as described in the second 
embodiment is added to 4 VSB or 8 VSB. More pSv 
H t V t us earned on D,., channel of the D, signal. The D 
channel is higher in the error correction capability than d 'I 
channel, as described in the second embodiment. The D 

* *° redundancy but lower in the error 
rate than the D,. 2 channel and the date 821 can be recon- 



tune divided, they are transferred in a sequence bv the 
switoh 812 to an expander 503. This seo^c^ «L 
explained referring to the time-base asTgnm^f rS 77 
A conir^sedforrn of H^ of the firstSS fed 

H » V ^ 311(1 H // V « are expanded. All the four eroanded 

SEES?" ^ « 3 «*«* «12a to a rSS 

where they are mixed to produce H,V,-H. H V vtuth^ 

556 to an HDTV signal which is fed through the termm^2 
of Ae switch 765. to the output unit 521 fiffiS 

HSRS" 1 ofdata components for tamsmK 
sum shown in FIG 77, contributes to the simplest 
mem of the expander and mixer. Although FIG. 77&K 
tT^^SJ^ ^evel^mi/JofoTa 3 
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821A, and 821c. More specificaUy, a low resolution NTSC e^S^f^ 821 822 have ^creased 



82 ^ and t 821 f; ^ ore specificaUy, a low resolution NTSC 
component will be reproduced at a far location from the 
^nsmitter antenna or in a signal attenuating or shadow area, 
e.g. the interior of a vehicle. 
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and a super resolution HDTV signal. 

FIG 79 illustrates a time-base assignment of data com- 
2?, f a P hvfiical three-Ievel, D, . D 2 , D* TV signal, in 
which data components of the same channel are so ananged 
as not to overlap with one another with time. FIG 80 a 
block ^agram of a modified video decoder 423, simaa?to 

I ' W ^ a *** mput 52Ut is time-base 
assignment of data components shown in FIG 79 also 
contributes to the simple construction of the decoder 

The operation of the modified decoder 423 is almost 
identical to that shown in FIG. 78 and associated I wSTS 
time-base assignment shown in FIG. 77 and ^11 not te 
explained in greater detail. It is also possible to multiple 



In view of the error rate, the data 821 of D, , channel is 40 A^T Mrh^n?^ 8 "^ ^ ve ^ two ^°^ c level relationship. 



w «ff-^ u ~ V. ', ^ or u i-i cnannel is 
«^i\ , « by 8,g i^ mterfercncc than the other data 821a 
821a and 821c of D M channel, while being specifically' 

dSS^^ StayCd " 3 

described m the second embodiment While D, and D ' are 

rn\nM i nt °H tW0 PhySi< ^ ,y diffcrent lcveb ' ^^vels deter- 45 
mmed by disenmination of the distance between error 
co ™*n& codes are arranged differently in the logic level 
thPf, dcmod ^ atlon <>f ° 2 data requires a higher C/N rate 
that for D, data In action, H^ or loVreaoluSon 
NTSC signal can at least be reproduced in a distant or lower so 
ON service area H £ V„, H„V„ and H„V„ can in addition 

2£5£Jfc V 1 ; 3X1(1 H ^S: H com P° n ^ <^n alsote 
S^ff , v!! Cl ? P m HDTV ^ A«x,rdingly. three 
aitferent level broadcast siimaic ^ n «i 1 ^. . 



£E Ti 1 ^ 10 ", than the other data components 

*21*, SUb and 812c, thus staying at a higher signal leveL 
^ particularly the data assignment fa 



method allows the signal receivable area shown taRGfl ~SiJ?I?L ^^^T 1 ifl ™. 80 and will not be 



method allows the signal receivable area shown in FIG S3 

£ mV^ * m 3 ^ T 011 10 a ^ rc ^ « shown 
mFIG. 90, thus ensunng a higher opportunity for enjoying 
1 v programs. ^ ^ 

FIGS 78 is a block diagram of the third video decoder 
arranged for the time-base assignment ofdata shown in FIG 

2: J* 10 Sh0wn in Ha 72 exce P l ^ the 

Unrd input 551 for D 3 signal is eliminated and the arrange- 
ment shown in FIG. 74(a) is added. 



— ,7 — r — * 4 ocwuu cnannet is inserted 
between two adjacent data components of the first channel 
so that serial processing can be executed at the receiver side 
andthe same effects as of the time-base assignment shown 
in FIG. 79 will thus be obtained. Wn 

H^nTfjZ ^fTf". ° f dm ^"^nents shown in 
? n *e logic level mode and can also be 
earned in the physical level mode when the bit tramnnssion 
rate of the two dau components 821 and 822 is decreased to 
l or » to lower the error rate. The physical level 
arrangement consists of three different levels 
. ™?' 82 J* J block diagram of another modified video 
decoder 423 for decoding of the D, signal time baS 
arranged as shown in FIG. 81, which is simpler in construe- 



explained in greater details. 

As imaerstood, the time-base assignment of dam compo- 
nents shown in FIG. 81 also confutes to iteS 
arrangement of the expander and mixer. Also, fourX 
1 components of the D, signal are fed at respective time site 

mix J^ 556 , Hc ? Ce ' ^ an^ngement of Z 

mixer 556 or a plurality of circuit blocks such as provided 

- ^ ~ ^ " - ^ 548 of HG. 32 may be arrayed ftr 

In operation, both the D, and D 2 signals are fed throuah 65 ^S!^ connection the ^etween corresponLg to 

input units 521 and 530 respectively^ a^tohS ^ h component so that they become compatibh^n time 
the first timing. As their comports ZSmEh V £ operation and thus, mining mdrr^ co^ 
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Accordingly, the receiver can be minimized in the overall 
construction. 

It would be understood that the fifth embodiment is not 
limited to ASK modulation and the other methods including 
PSK and QAM modulation, such as described in the first, 5 
second, and third embodiments, will be employed with equal 
success. 

Also, FSK modulation will be eligible in any of the 
embodiments. For example, the signal points of a multiple- 
level FSK signal consisting of four frequency components 10 
Fl, f2, £3, and f4 are divided into groups as shown in FIG. 
58 and when the distance between any two groups are 
spaced from each other for ease of discrimination, the 
multi-level transmission of the FSK signal can be imple- 
mented, as illustrated in FIG. 83. 15 

More particularly, it is assumed that the frequency group 
841 of fl and f2 is assigned D,=0 and the group 842 of f3 
and f4 is assigned D,=l. If fl and Q represent 0 at D 2 and 
£2 and f4 represent 1 at D 2 , two-bit data transmission, one bit 
at D, or will be possible as shown in FIG. 83. When the 20 
C/N rate is high, a combination of D,=0 and D^l is 
reconstructed at t=t3 and a combination of D^l and D^C 
at t=t4. When the C/N rate is low, only is reproduced 
at fc=t3 and D,=l at t=t4. In this manner, the FSK signal can 
be transmitted in the multi-level arrangement This multi- 25 
state FSK signal transmission is applicable to each of the 
third, fourth, and fifth embodiments. 

The fifth embodiment may also be implemented in the 
form of a magnetic record/playback apparatus of which 
block diagram shown in FIG. 84 because its ASK mode 30 
action is appropriate to magnetic record and playback opera- 
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The effects of television broadcasting using the 8-level 
VSB shown in FIGS. 68(a), (b), and (c) are described below. 

While the transmitted data quantity is high with 8-level 35 
VSB, it also has a higher error rate than 4-level VSB for the 
same C/N value. However, in high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more error correction coding, and the error 
rate can thus be reduced This band capacity also enable 40 
multi-level (hierarchical) television broadcasts and other 
new features in the future. 

The relative effects of 4-level, 8-level, and 16-level VSB 
are described below. 

In ground station broadcasts using the NTSC or PAL 45 
frequency band, the usable transmission band is effectively 
limited to approximately 5 MHz because of the 6-MHz 
frequency limit of the NTSC format, for example, as shown 
in FIG. 136. With 4-level VSB, the effective data transmis- 
sion quantity is 5 MHzx4=20 Mbps because the frequency 50 
utilization efficiency is 4 bits/Hz. A minimum of 15 
Mbps- 18 Mbps is required, however, for digital HDTV 
signal transmissiorL Because there is no spare capacity with 
4-level VSB, the redundancy used for error correction is 
only 10-20% of the HDTV effective transmission quantity 55 
as shown in the comparison chart in FIG. 169. 

With 8-level VSB, the effective data transmission quantity 
is 5 MHzx6=30 Mbps because the frequency utilization 
efficiency is 5 bits/Hz. While 15 Mbps-18 Mbps is required 
for digital HDTV signal transmission as described above, 60 
when using 8-level VSB modulation, more than 50% of the 
actual HDTV signal transmission quantity can be used for 
error correction coding as shown in FIG. 169. As shown by 
error rate curves 805 and 806 in FIG. 161, the error rate 
relative to the same C/N value in the transmission system is 65 
less with TCM 8-level VSB than with 4-level VSB, even 
through error correction code gain is greater with 8-level 



VSB than with 4-level VSB, because significantly more 
error correction coding can be added with 8-level VSB 
during ground station broadcasting of same-data-rate HDTV 
digital signals using the 6-MHz band. As a result, 8-level 
VSB with high code gain error correction coding also has the 
effect of enabling a larger service area for ground station 
HDTV broadcasts than does 4-level VSB. While the 
increased size of the error correction circuits required with 
8-level VSB does increase the complexity of the receiver 
circuitry, the circuit scale of the equalizer in the receiver is 
significantly smaller than that of receivers using QAM 
modulation, which corrtains a phase cornponent, because 
VSB and ASK are amplitude modulation methods. As a 
result, an 8-level VSB circuit board containing the error 
correction circuit is smaller than an equivalent 32-level 
QAM board with the same transmission capacity. 

A digital HDTV receiver with an appropriate circuit scale 
and a large ground station broadcasting service area can 
therefore be achieved using 8-level VSB. 

Note that the ECC 744a and trellis encoder 744* in the 
transmitter and receiver block diagrams of FIG. 84 for the 
present embodiment, FIGS. 131, 137, 156, and 157 for 
embodiment 6, and FIG. 144 for embodiment 9 are used as 
examples of the specific error correction method, and the 4-, 
8-, and 16-level VSB modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 described with reference to FIG. 63 is used 
in the receiver to generate the digital reception data by 
means of the 4-, 8-, and 16-level level sheer 757 from the 4-, 
8-, and 16-level VSB signal After error correction by means 
of the trellis decoder 7S9b and ECC decoder 759a, described 
below with reference to FIG. 84 for the present embodiment, 
and FIGS. 131, 137. 156, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 402, and the digital HDTV signal is then 
output. 

As shown in FIGS. 160(a) and (6) described below with 
the sixth embodiment, the ECC encoder 744a uses a Reed- 
Solomon encoder 744/ and interleaver 744*, and uses a 
deinterieaver 759* and Reed-Solomon decoder 759/ for the 
ECC decoder 759a. Applying interleaving as described in 
the previous embodiment improves resistance to transmis- 
sion system noise such as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS. 
128(a). (*), (c), (a), («), and (#. A ratio 2/3 trellis encoder 
744b and decoder 7596 as shown in FIG. 172 are most 
appropriate with 8-level VSB because of 3 bits/symbol 
coding. The data quantity is compressed 2/3 in this case. 

The embodiments have been described using jnimarily 
the example of a multilevel (hierarchical) digital television 
signal While an ideal broadcasting format can be achieved 
using a multilevel signal, the image compression circuit and 
modulatot/demodulatOT circuits become more complex, and 
are therefore not preferable due to cost for the start of new 
broadcasting services. As described at the beginning of the 
fifth embodiment, a broadcasting system with a simple 
television circuit can be achieved by using a signal-signal 
interval IM^ It., an equal interval, in the 4-level VSB and 
8-level VSB signals and a non-multilevel television trans- 
mission, and by simplifying the circuit shown in FIG. 137 as 
shown in FIG. 157. Once the HDTV format Is in common 
use, it is then possible to change to a hierarchical 8-level 
VSB transmission format, 

Four- and 8-level VSB have been described above, and 
16- and 32-level VSB are described below with reference to 
FIGS. iS9(a}-ib). FIG, 159(a) shows the 16-level VSB 
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constellation. As shown in FIG. 159(A), the signal between 
two signal points is grouped into eight groups 722a-722h 
which are treated as eight signal points and can be treated as 
8-level VSB signals to enable a two-stage multilevel trans- 
mission. In this case, multilevel transmission can be 
achieves with time division multiplexing even when inter- 
mittently transmitling an 8-level VSB signal. The maximum 
data rate with this method is In HG. 157(c), the data is 
further grouped into four groups 723a-7234 which can be 

handled as dJ^wi ven 1. . JJ; . . 
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streams are converted by the FIR filters 1001 and 1002 to 
two discrete code forms which are plotted in orthogonal 
relationship to each other in the coordinate. Also, in the VSB 
system^ a portion of the carrier is allowed to pass through for 
ease ^reproduction at the receiver side. This is done at the 
DC offsets 1003 and 1004. The tap coefficients of the FIR 
EE? I 001 1002 « elected with a VSB/QAM selector 
1009 for determining the type of modulation. A control 
output oftheQAM/VSB selector 1009 actuates a coefficient 

Pf»n Mutnr 1AAS f^- .w~J. s j . .- 



hierarchy. While the rnaxiZm dX ^ W d! l ° f^fT^T f Z^ Uci ^ Bering given coeffi- 
di vidnn < . A" _ ™r ~ T??!™? t* 1 ™ aents to the two HR filters 1001 and 1002. Two cutouts of 



division multiplex transmission of 4-level VSB signals 
multilevel transmission is possible with 3-stage multilevel' 
VSB transmission. 

c i^"?,!^ method, 2 multilevel transmission whereby 15 
C ™ T VSB ° r 4 ' leVel VSB ^ can be reproduced when 
the C/N ratio of the 16-level VSB data deteriorates can be 
achieved. By doubling the signal points of the 16-level VSB 
format as shown in FIG. 159(d), 32-level VSB transmission 
is enabled. When 16-level VSB capacity is increased in the 20 
ruture, this method will maintain compatibility while mak- 
ing it possible to obtain a 6-bit/syrnbol data capacity 

By summarizing the above, the VSB receiver shown in 
the block diagram of FIG. 161 and the VSB transmitter 
shown in the block diagram of FIG. 162 can be achieved. 25 

While 4-level VSB and 8-level VSB are used by way of 
example above, 16-level VSB as shown in FIGS. 159(a)-(c) 
^Jjf 0 be "sed for transmission. With 16-level VSB, a 
^-Mbps transmission capacity can be used with a 6-MHz 
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me DC offsets 1003 and 1004 are fed to a data selector 1005 
where their I/Q components are alternately selected to 
produce a VSB or QAM modulated signal. The resultant 
digital modulated signal of the data selector 1005 is con- 
verted by a D/A converter to its analog form which is further 
t T 5nUl ^i? om m output 748 - Tn« action of the data 
selector 1005 is controlled by a four-time symbol frequency 
clock produced and supplied from a clock generator 1007 
As explained, the foregoing compatible hardware 
arrangement is capable of producing both QAM and VSB 
modulated signals by selectively detennining the coefficient 
values of the coefficient generator 1008. 

HG. 175 is a block diagram showing another circuitry 
arrangement of the QAM/VSB modulator for multi-level 
transmission according to Embodiment 5. Two, first and 
second data streams are multiplexed by a processor 745 and 
code allocated by an VQ mapping 1000 to the I and Q 
cxwrdinates. Resultant two, I and Q, channel data outputs of 

the I/O monntnn 1IUIA ~« «— . r > . r 



b^dmWT^^ ^S^SS tW °' 1 -^channel *** outp^ ol 

the HDTV digital compression signal is 15-18 MbpVusmg ThenoTcSZ T ^ to M Sector 1010 

the MPEG standard, there is excessive reserve in thT^fJ g whereoneof the I and Q signals is selected using a four-time 

mission capacity ^"uT^L^T- SS^S^S*^ * ** 

100% or greater; redundancy is mereforT^^t Vr g ^ ^ ™ e idcctod channel modulated signal is 
transmit* n^Z^^X^Z , 5 Z^ttF"£X ^2S^^ 

simply made more complex with little additional advantage Z^ Lu 7« and trarisnutted 

gamed over 8-level VSB. In addition, 16-level VSB rJnn r " S Wpul 74S * t 

dancy is only about 10%, the same^ Tltd VSB retn" J^S TSr^ eta * is shn P le * 

dancy, in ground station HDTV broadcasting oflf^- ^ ittffSL?!?!! » ta » 
grams with 16-level VSB. As a result, the service area is 40 
reduced because sufficient error correction coding cannot be 
applied with two-program 16-level VSB. As described 
before, sufficient error correction cannot be applied with 
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4-level VSB because the redundancy R^lO-20% and the 
service area is limited. As will be known from FIG. 169 
sufficient error correction coding can be achieved with 
8-leyel VSB because the redundancy R^50%. A broad 
service area can also be achieved without significantly 
FIG, 84 will now be explained in more detail. FIG. 174 is 



.block diagram showi^T^^,^^ ^ „ £™f* «« ™ » - «*» 1023 
VSB compatible modulator for iiSTvel BanmfaZ ZESB^SS *■« » 



* ucd — 7 6 W1U ' «"»a"Bcmcni or yAJW/ 

v&b compatible modulator for multi-level transmission 
according to Embodiment 5. The input 742 comprises a first 
data stream 743 and a second data stream 744 which are 
combined by a processor 745 and then code allocated to 
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two times that of the previous arrangement 

FIG. 176 illustrates a third modification of the QAM/VSB 
modulator of Embodiment 5. Two, first and second, data 
streams are multiplexed by a processor 745 and transferred 
to an VQ mapping 1000. 1 and Q channel signals plotted to 
their respective code points by the VQ mapping 1000 are 
subjected to VSB orthogonal impulse response processing of 
two FIR filters 1026 and 1027 and transmitted to two 
m^pHers 1020 and 1021 respectively. The multipUers 
1020 and 1021 are loaded with different waveform data 
determined by a cos table 1024 and a sin table 1023 



counter 1025. Accordingly, the I and Q channel signals are 
multiplied with the cos and sin signals respectively at their 
respective multipliers 1020 and 1021. Two modulated out- 
Wumnefair^^ 1021 arc fed to an adder 

quadrature modulation. FoJ the VSbTS rhTl/S S^S, ^ Q J? C °? rined A 
mapping 1000 delivers data on one or I-axis of tit t^ toKoffort ^ST2 - S.' ^««» MM 
channels whfle the I and Q channels are the same in ftc 748 ^ ° m Whch W fimhcr dcUvcrcd ^ ^ output 

ex^ac^n^r^ « ^"^^^ ^ ^ of the 

mapped signal outputs of the I/Q n^appingWOO arTuW Sno^ JS - 030 56 varying the 

mitted to two FIR titers 1001 and 1002 wherel^ r^lT^h^^^K ° 25 * 

weighted with roU^ff characteristics before being sSed Jh? £ ^ a TreUis decoder in 

to DC offsets 1003 and 1004 respe^vSy fa tteVSB MC^T 7S9b with 

system, the tap coefficient values of ti^m filters ^)1 a^d 65 ^^^^^ ^ ^ aCC °^ to ^ tevel 

1002 are determined so that two filter outo^ a^rTpn^ 65 2?5£T*^i*"* ^ of • Emission 



i imw 7 r ^™ vaiuc3 Ui riK. niiers iwi and 
1002 are determined so that two filter outputs are orthogonal 
to each other. More particularly, a pair of equal input data 



,/ wuc uuu me conamons of a transmission 

hne. Hence, a ccrresponding Trellis decoder is needed in the 
receiver side. 
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The performance of the Trellis decoder depends on how 
a code path is determined through internal calculation and 
should be associated with some path memories. 

The results of calculation with the Trellis decoder denoted 
by 1030 are stored in a given number of path memories 5 
generally 1032, 1033, and 1034, merged in a path memory 
group 1031 The number. of the results is preliminarily 
determined from the needs at the receiver side, depending on 
e.g. the transmission channel basis or the broadcasting 
system of a type. For the purpose, an address control signal 10 
is supplied to a memory address generator 1035 which in 
turn addresses a corresponding one of the path memories to 
select a code path. 

This arrangement allows the single Trellis decoder 1030 
associated with tie plural memories to perform multiple 15 
characteri sties as acting as a number of the Trellis decoders. 
Thus, demodulator will be reduced in the hardware con- 
struction as compared with a conventional circuit arrange- 
ment where a plurality of the Trellis decoders are coupled in 
parallel for selective use. 20 

FIG. 178 is a block diagram of a receiver for interception 
of VSB multi-level transmitted signals emitted in the air. It 
is also essential for digital broadcasting service to eliininate 
any signal interference which is common in the convcntial 
analog broadcasting systems. 2S 

For elimination of such an interference, notch filters have 
been used with optimum success. However, any fixed notch 
filter can hardly conduct a frequency offset signal used in the 
conventional analog broadcasting system. The receiver 
shown in FIG. 178 offers an improvemenL An analog or 30 
digital signal from an antenna 32a is selectively received by 
a tuner 752 and data extracted by an I/Q detector 1040. 
During the detection, a frequency error correction signal is 
produced by an AFC detector 1043 from orthogonal data and 
fed back to the tuner 752. The AFC detector 1043 is adapted 35 
to vary the feedback of the frequency error correction signal 
using an external control. The interference by an analog 
signal in a detected signal is examined by an interference 
detector 1041 where it is compared with stored interference 
patterns for identification. If the intercepted digital signal 40 
carries a cochannel interference by an analog signal, it is ' 
subjected to a notch filter characteristic action of an NTSC 
rejection filter 1042. If not, the digital signal is directly 
passed without the rejecting action of the filter 1042. When 
the interference detector 1041 has found an increase of the 45 
interference in the intercepted signal resulting from the 
frequency offset at the transmitter side, it causes a carrier 
offset detector 1044 to produce and transmit a command 
signal via the AFC detector 1043 to the tuner 752 for 
changing its local oscillation frequency. As the result, the 50 
interference level measured at the interference detector 1041 
is decreased to a point which represents the optimum 
receiving level of the receiver. An output signal of the NTSC 
rejection filter 1042 is then fed to an equalizer 1045 where 
its ghost component of removed. In addition, a BER (bit 55 
aror ratio) counter 1048 is provided for detecting remaining 
errors in the equalized signal and if so, the signal is fed back 
for optimizing the signal interception in relation to the 
frequency offset Finally, the equalized signal from the 
equalizer 1045 is transferred to a rotator 1046 for carrier 60 
reproduction and then to a decision 1047 for reproduction of 
data from the corresponding code points. 

FIG. 179 illustrates another arrangement of the QAM/ 
VSB compatible receiver. 

Intercepted broadcasting waveforms including QAM and 65 
VSB signals are fed to a tuner 1050. After tuning, an 
intermediate frequency signal of the selected waveform is 
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band rejected by a filter (SAW) 1051 and converted by an 
analog converter 1052 to an A/D converter enable frequency. 
When the selected waveform is a VSB signal, it is subjected 
to uniaxial detection and AFC detection of a VSB detector 
1054. An A/D converter 1053 digitizes a QAM modulated 
signal directly and a baseband signal extracted from the VSB 



When the digitized signal is a QAM signal, it is subjected 
to digital AFC action of an AFC 1055, I/Q data reconstruc- 
tion of a QAM detector 1056, and waveform shaping of a 
roll-off filter 1057. The waveform shaped signal is then 
transmitted to a waveform equalizer 1059 for removal of 
unwanted ghost The output signal of the equalizer 1059 is 
phase compensated by a carrier recovery 1060 and code 
reconstructed by a decision 1061. Meanwhile, an AGC 
detector 1064 produces an AGC signal and an AFC detector 
1062 calculates a frequency change from the output of the 
carrier recovery 1060. 

A code form signal of the decision 1061 is then transmit- 
ted through a deinterleaver 1065, a Trellis decoder 1066. a 
demterieaver 1067, and a Reed-Solomon decoder 1068 and 
released after an error correction. 

The VSB signal output of the A/D converter 1053 is 
directly fed to the equalizer 1059 and then processed in the 
same manner as for the QAM signal. It is also subjected to 
the same error correction as the QAM signal. 

There is a clock recovery 1058 operable with the entire 
symbols for the QAM signal. For the VSB signal, a clock 
reference signal of a burst form is extracted by a gate signal 
generator from the VSB output signal of the VSB detector 
1054 and fed to the clock recovery 1058 for actuation of its 

EMBODIMENT 6 



A sixth embodiment of the present invention is a magnetic 
recording and playback apparatus in which the above trans- 
mission and recording method is employed. Although in the 
fifth embodiment a multiple-level ASK data transmission is 
described, but it is also feasible in the same manner to adopt 
this invention in a magnetic recording and playback appa- 
ratus of a multi-level ASK recording system as shown in the 
block diagram of FIG. 173. A multi-level or non-multilevel 
magnetic recording can be realized by applying the C-CDM 
method of the present invention to PSK, FCK, and QAM, as 
well as ASK. 

First of all, the method of realizing a multi-level recording 
in a 16 QAM or 32 QAM magnetic recording playback 
apparatus will be explained in compliance with the C-CDM 
method of the present invention. FIG. 84 is a circuit block 
diagram snowing a 16 QAM 32 QAM, 4 ASK, 8 ASK, 16 
ASK, 8 PSK system incorporating C-CDM modulator. 
Hereinafter, a QAM system being multiplexed by the 
C-CDM method Is termed as SRQAM. FIGS. 137 and 154 
show block diagrams in which SRQAM is applied to the 
transmission system, such as broadcast 

AS shown in FIG. 84, an input video signal, eg. an HDTV 
signal, to a magnetic record/playback apparatus 851 is 
divided and corrtpressed by a video encoder 401 into a low 
frequency band signal through a first video encoder 401a 
and a high frequency band signal through a second video 
encoder 401* respectively. Then, a low frequency band 
component, e.g. H L W^ of the video signal is fed to a first 
data stream input 743 of an input unit 742 and a high 
frequency band cornponent including H„V H is fed to a 
second data stream input 744 of the same. The two compo- 
nents are further transferred to a modulator 749 of a modu- 
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f!2r . 743a 00 1116 <>*er hand, the second data 
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j "J w wKyAM. After an error correcting cnrfc ic 

S? 3 ?^ ™£ as shown in FIGS C (M SiS 
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of 1/7 ™ " ^ ~ ircius encoding at the rath 

of J/2, 2/3, and 4/3 can be carried our solely. Thus, redun- 
dancy increases and a data rate decreases, iZr 

1^ to same data rate. Accordingly, trans- 
rmttableinformauon amount of the recoi^ng/playba^k 
tern or transmission system will mo^ substantially 

Since the 8 VSB transmission system described above in 
cordon with the fifth embodYmem^S Hi bto £ 
jymbol, the Trellis encoder 744* and the^lk d^JZ 

nsed, and the entire block diagram will be as shown mWG 

ini l ,/^ WeVe, "'. po8sibIe t0 constitute the first data stream 

itSES* "Sf 8 TICIHS Cnooder 85 ^own in^a 

tow error ra te uiherently. This will be advantageous in view 

ol streZ h fiCati0n 1 efaa * ^^-^^ 
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amphfied by an amplifier W aTSSS'S^S 
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mg that a magnetic recording tape 855 e.e HTrrv^Tv 
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S k ,ry^ VCR «"» ^Produce a high bit-rate TV 
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full-scale broadcast tape. If a vi dec tape 855 isof low CW 
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min . \" — * «aia rate. Accordingly, trans- S!gmU P° mts - Therefore the first data stream D Mn T 
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le first rlflta ofnae.^. j- j . J «■ u«ua 



ITOTV video signal is recorded and reproduced, a low C/N 

frequency band video signal can output only a locate low 
frequency band video signal of the first data stream^ 
cifically e.g. a 7 Mbps wide NTSC TV signal. ^" 
As shown in a block diagram of FIG 144 * ^ 
streamouyu, TO, *cs«^ZZTL" P ^Zl£ 
second vaieo decoder 402a can be elinuuSd tooJSer to 
P™"* CMto °", «»« "pec of lower graTp^d^ £ 

r^s^^/hv** ^5 mchide a modulator such as a modulated 
QPSKwmch modulates or demodulates the first date Team 

Only. This annaraiiie i.. ^_ - . . — OUMlli 
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by an amplifier 857a. Thereafter, the signal is fed to a 
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video signal can be recorded and reproduced. 

rr^lV 1 ^^ high ON rate video tape 855 capable of 
recording a high bit-rate signal, eg. HDTV signa^wflfbe 

^ring/playback apparauis but will reproduce thTfim 
cZu^TS 1 J? y " ^ ^ wide NTSC signal J 
nrhl ^ WhllC ^ SCCOnd ^ stream is °ot reprodTcel to 
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quently, it will be possible to establish long-las ting standards 
for recording/playback apparatus. Other recording methods 
will be used in the same manner. For example, a multi-level 
recording will be realized by use of phase modulation 
explained in the first and third embodiments. A recording 5 
using ASK explained in the fifth embodiment will also be 
possible. A two or three multi-level state will be realized by 
converting present recording from two-level to four-level 
ASK or to eight-level ASK and dividing into two group as 
shown in FIGS. 59(c) and 59(d) or in FIGS. 68(a) and 68(b). w 

A circuit block diagram for ASK will be as shown in FIG. 
173 which is similar to that disclosed in FIG. 84. By the 
combination of Trellis and ASK, the error rate will be 
reduced. Besides embodiments already described, a multi- 
level recording win be also realized by use of multiple tracks 
on a magnetic type. Furthermore, a theoretical multi-level 15 
recording will feasible by differentiating the error correcting 
capability so as to discriminate respective data 

Compatibility with future standards will be described 
below. A setting of standards for recording/playback appa- 
ratus such as VCR is normally done by taking account of the 
most highest C/N rate tape available in practice. The record- 
ing characteristics of a tape progresses rapidly. For example, 
the C/N rate has been improved more than 10 dB compared 
with the tape used 10 years ago. If supposed that new _ 
standards will be established after 10 to 20 years due to an 
advancement of tape property, a conventional method will 
encounter with difficulty in maintaining compatibility with 
older standards. New and old standards, in fact, used to be 
one-way compatible or non-compatible with each other. On ^ 
the contrary, in accordance with the present invention, the 
standards are first of all established for recording and/or 
reproducing the first data stream and/or second data stream 
on present day tapes. Subsequently, if the C/N rate is 
improved magnificently in future, an upper level data ^ 
stream, e.g. a third data stream, will be added without any 
difficulty as long as the present inventions incorporated in 
the system. For example, a super HDTV VCR capable of 
recording or reproducing three-level 64 SRQAM or 8 ASK 
will be realized while maintaining perfect compatibility with 
the conventional standards. A magnetic tape, recording first 
to third data streams in compliance with new standards, will 
be able to use, of course, in the older two-level magnetic 
recording/playback apparatus capable of recording and/or 
reproducing only first and second data streams. In this case, 45 
first and second data streams can be reproduced perfectly 
although the third data stream is left non-reproduced. There- 
fore, an HDTV signal can be reproduced. For these reasons, 
the merit of expanding recording data amount while main- 
taining compatibility between new and old standards is m 
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Returning to the explanation of reproducing operation of 
FIG. 84, the magnetic head 854 and the magnetic reproduc- 
tion circuit 853 reproduce a reproducing signal from the 
magnetic tape 855 and feeds it to the rnodulation/demodu- 53 
lafion circuit 852. The demodulating operation is almost 
identical with that of first, third, and fourth embodiments 
and will no further be explained. The demodulator 760 
reproduces the first and second data stream D, and D 2 . The 
second data stream D 2 is error corrected with high code gain w 
in a Trellis-decoder 7596 such as a Vttabi decoder, so as to 
be low error rate. The video decoder 402 demodulates D, 
and D 2 signals to output an HDTV video signal. 

FIG. 131 is a block diagram showing a three-level mag- 
netic recording/playback apparatus in accordance with the 65 
present invention which includes one theoretical level in 
addition to two physical levels. This system is substantially 



the same as mat of FIG. 84. The difference is that the first 
data stream is further divided into two subchannels by use of 
a TDM in order to realize a three-level constitution. 

As shown in FIG. 131, an HDTV signal is separated first 
of all into two, medium and low frequency band video 
signals D,., and D t . a , through a 1-1 video encoder 401c and 
a 1-2 video encoder 401o* and, thereafter, fed into a first data 
stream input 743 of an input section 742. The data stream 
D M having a picture quality of MPEG grade is error 
correcting coded with high code gain in an ECC coder 743a, 
while the data stream D,. 2 is error correcting coded with 
normal code gain in an ECC encoder 7435. D^, and D t _ 2 are 
time multiplexed together in a TDM 743c to be one data 
stream Dt D, and D 2 are modulated into two-level signals 
in a C-CDM 749 and then recorded on the magnetic tape 855 
through the magnetic bead 854. 

In playback operation, a recording signal reproduced 
through the magnetic head 854 is demodulated into D, and 
Dj by the C-CDM demodulator 760 in the same manner as 
in the explanation of FIG. 84. The first data stream D 1 is 
demodulated into two, D ul and D,_ 2 , subchannels through 
the TDM 758c provided in the first data stream output 758. 
D,., data is error corrected in an ECC decoder 758a having 
high code gain. Therefore, D,_, data can be demodulated at 
a lower C/N rate as compared with D 12 data. A 1-1 video 
decoder 402a decodes the D 1 , 1 data and outputs an LDTV 
signal. On the other hand, D } . 2 data is error corrected in an 
ECC decoder 75 86 having normal code gain. Therefore, 
D^ 2 data has a threshold value of high C/N rate compared 
with D,_, data and thus will not be demodulated when a 
signal level is not large. D U2 data is then demodulated in a 
1-2 video decoder .4 Q2d and summed with D U1 data to 
output an EDTV signal of wide NTSC grade. 

The second data stream D 2 is Vitabi demodulated in a 
Trellis decoder 759b and error corrected at an ECC decoder 
7 59a. Thereafter, D 2 data is converted into a high frequency 
band video signal through a second video decoder 4026 and, 
then, summed with D 1 . I and D } . 2 data to output an HDTV 
signal. In this case, a threshold value of the C/N rate of D 2 
data is set larger than that of C/N rate of D 12 data. 
Accordingly, D,_, data, ie. an LDTV signal, will be repro- 
duced from a tape 855 having a smaller C/N rate. D,.j and 
D U2 data, Le, an EDTV signal, will be reproduced from a 
tape 855 having a normal C/N rate. And, D,.„ D,. 2 , and D 2 , 
i.e. an HDTV signal, will be reproduced from a tape 855 
having a high C/N rate. 

Three-level magnetic recording/playback apparatus can 
be realized in this manner. As described in the foregoing 
description, the tape 855 has an interrelation between C/N 
rate and cost The present invention allows users to select a 
grade of tape in accordance with a content of TV program 
they want to record because video signals having picture 
qualities of three grades are recorded and/or reproduced in 
accordance with tape cost 

Next, an effect of multi-level recording will be described 
with respect to fast feed playback. As shown in a recording 
track diagram of FIG. 132, a recording track 855a having an 
azimuth angle A and a recording track SSSb having an 
opposite azimuth angle B are alternately arrayed on the 
magnetic tape 855. The recording track 855a has a recording 
region 855c at its central portion and the remainder as D,_ 2 
recording regions 855o\ as denoted in the drawing. This 
unique recording pattern is provided on at least one of 
several recording tracks. The recording region 855c records 
one frame of LDTV signaL Ahigjh frequency band signal D 2 
is recorded on a D 2 recording region 855* corresponding to 
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an entire recording region of the recording track 855a. This 
recording format causes no novel effect against a normal 
speed recording/playback operation. 

A fast feed reproduction in a reverse direction does not 
allow a magnetic head trace 855/having an azimuth angle A 
to coincide with the magnetic track as shown in the drawing 
As the present invention provides the D, , recording region 
8 55c at a central narrow region of the" magnetic tape as 
shown in FIG. 132, this region only is surely reproduced 
although it occurs at a predetermined probability. Thus , 
reproduced D M signal can demodulate an entire picture 
f r^/° f r thC Samc time ^^S^ picture quality is an 
LDTV of MPEG1 level. In this manner several to several 
tens LDTV signals per second can be reproduced with 
Perfect picture images during the fast feed playback opera- 

firm iW^hv AniMifix .... * i r- : . ^ 
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mooulanon system can also be adopted to realize the fast 
feed playback operation in accordance with the present 
mvention as long as an encoding of picture images is of 

A recording method of a conventional non-multiple digi- 
tal VCR. m which picture images are highly compressed, 
disperses video data uniformly. Therefore, it was not pos- 
sible in a fast feed playback operation to reproduce all the 
picture images on a picture plane of the same time. The 
picture reproduced was the one consisting of a plurality of 
picture image blocks having non-coincident time bases- The 
present invention, however, provides a multi-level HDTV 
VCR which can reproduce picture image blocks having 
coincided time bases on a picture plane during a fast feed 



V 1 *-""* "nag** during tfie fast feed playback opera- , - yuum uulU i S « imL ieca 

tion, thereby enabling users to surely confirm picture images 15 Payback operation although its picture quality is of LDTV 

during the fast feed operation. grade. 
A head trace 855g corresponds to a head trace in the 



^ 11630 "ace »sg corresponds to a head trace in the 
reverse playback operation, from which it is understood only 
a part of the magnetic track is traced in the reverse playback 
operation. The recording/playback format shown in FIG. 20 
132 however allows, even in such a reverse playback 
operation, to reproduce D w recording region and, therefore 
an animation of LDTV grade is outputted mtermittently. 

Accordingly, the present invention makes it possible to 
record a picture image of LDTV grade within a narrow 25 
region on the recording track, which results in intermittent 
reproduction of almost perfect still pictures with picture 
quality of LDTV grade during normal and reverse fast feed 
playback operations. Thus, the users can easily confirm 
picture images even in high-speed scaching. 30 

Next, another method will be described to respond a 
higher speed fast feed playback operation. A D, , recording 
region 855c is provided as shown at lower right of FIG 132, 
so that one frame of LDTV signal is recorded thereon. 
Furthermore, a narrow D W D 2 recording region 855A is 35 
provided at a part of the D,_, recording region 855c. A 
subchannel D,^ in this region records a part of information 
relating to the one frame of LDTV signal. The remainder of 
the LDTV information is recorded on the D 2 recording 
region 855/ of the D,.,.^ recording region 855A in a * 
duplicated manner. The subchannel D 2 has a data recording 
capacity 3 to 5 times as much as the subchannel D, 
Therefore, subchannels D UI and D 2 can record one frame 
information of LDTV signal on a smaller, 1/3 s*5, area of 
the recording tape. As the head trace can be recorded in a 42 
farther narrower regions HSSh, 855/, both time and area are 
decreased into 1/3 mfS as compared with a head trace time 
T,,. Even if the trace of head is further inclined by increas- 
ing fast feed speed amount, the probability of entirely 
tracing this region will be increased. Accordingly, perfect 
LDTV picture images will be intermittentiy reproduced even 
if the fast feed speed is increased up to 3 to 5 times as fast 
as the case of the subchannel D,_, only. 

In case of a two-level VCR, this method is useless in 
reproducing the D 2 recording region 855/ and therefore this 
region will not be reproduced in a high-speed fast feed 
playback operation. On the other hand, a three-level high 
performance VCR will allow users to confirm a mcture 



image even if a fast feed play^ope«tofaexecn^ I = ^ 404 of the first video encoder 401 

a^.3 to 5timesasfa^ « ttZ^^J"*"**^**— 
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a raster, 3 to 5 times as fast as two-level VCR, speed. In other 
words, not only excellent picture quality is obtained in 
accordance with the cost but a maximum fast feed speed 
capable of reproducing picture images can be increased in 
accordance with the cost 

Although this embodiment utilizes a multi-level modula- 
tion system, it is needless to say that a normal, e.g. 16 QAM, 



The three-level recording in accordance with the present 
invention will be able to reproduce a high resolution TV 
signal such as HDTV signal when the recording/playbaclc 
system has a high ON rate. Meanwhile, a TV signal of 
EDTV grade, e.g. a wide NTSC signal, or a TV signal of 
LDTV grade, e.g. a low resolution NTSC signal, wfll be 
outputted when the recording/playback system has a low 
Cm rate or poor function. 

As is described in the foregoing description, the magnetic 
recording/playback apparatus in accordance with the present 
invention can reproduce picture images consisting of the 
same content even if ON rate is low or error rate is high 
> iow gh * C rcsoIution or P"*"* 6 <J uaI ity is relatively 

EMBODIMENT 7 

A seventh embodiment of the present invention will be 
described for execution of four-level video signal transmis- 
sion. A combination of the four-level signal transmission and 
the four-level video data construction will create a four-level 
signal service area as shown in FIG. 91. The four-level 
service area is consisted of, from innermost, a first 890a a 
second 1890*. a third 890c, and a fourth signal receiving area 
8!HW. The method of developing such a four-level service 
area will be explained in more detail. 

The four-level arrangement can be implemented by using 
four physically different levels determined through modu 
lation or four logic levels defined by data discrimination in 
die error correction capability. The former provides a large 
difference in the C/N rate between two adjacent levels and 
the ON rate has to be increased to discriminate all the f our 
levels from each other. The latter is based on the action of 
demodulation and a difference in the ON rate between two 
adjacent levels should stay at mimmura. Hence, the four- 
Jevel arrangement is best constructed using a combination of 
two physical levels and two logic levels. The division of a 
video signal into four signal levels will be explained 

FIG. 93 is a block diagram of a divider circuit 3 which 
comprises a video divider 895 and four compressors 405a, 
405o, 405c, and 40Sd The video divider 895 contains three 
dividers 404a, 4046, and 404c which are arranged identical 
to the divider circuit 404 of the first video encoder 401 



«-~ uipotucu in greater 

detail. An input video signal is divided by the dividers into 
four components, of low resolution data, H„V„ of 
high resolution data, and H^V W and K U \ L for medium 
resolution data. The resolution of H^ is a half that of the 
original input signal. 

The input video signal is first divided by the divider 4 04a 
mto two, high and low. frequency band components, each 
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component being divided into two, horizontal and vertical, 
segments. The intermediate between the high and low fre- 
quency ranges is a dividing point according to the embodi- 
ment Hence, if the input video signal is an HDTV signal of 
1000 line vertical resolution, H^ has a vertical resolution < 
of 500 lines and a horizontal resolution of a half value. 

Each of two, horizontal and vertical, data of the low 
frequency component H £ V £ is further divided by the divider 
404c into two frequency band segments. Hence, an H^V^ 
segment output is 250 lines in the vertical resolution and W l0 
of the original horizontal resolution. This output of the 
divider 404c which is termed as an LL signal is then 
compressed by the compressor 405a to a D w signal. 

The other three higher frequency segments of H A V t are 
mixed by a mixer 772c to an LH signal which is then 15 
compressed by the compressor 4056 to a D,. 2 signal. The 
compressor 4056 may be replaced by three compressors 
provided between the divider 404c and the mixer 772c. 

HiV//, H^V^ and H^V^ form the divider 404a are mixed 
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548a with the IX signal. An output of the video mixer 548a 
is transferred to an U L \ L terminal of a video mixer 548c. 
The video mixer 531a is identical to that of the second 
decoder 527 of FIG. 32 and will not be explained in greater 
detail. Also, the HH signal is divided by a divider 5316 and 
fed to a video mixer 5486, At the video mixer 5486, the HH 
signal is mixed with the HL signal to an H^V^-H signal 
which is then divided by a divider 531c and sent to the video 
mixer 548c. At the video mixer 548c, H^V^H is combined 
with the sum signal of LH and LL to a video output The 
video output of the mixer 33 is then transferred to the output 
unit 36 of the second receiver shown in FIG. 88 where it is 
converted to a TV signal for delivery. If the original signal 
has 1050 lines of vertical resolution or is an HDTV signal of 
about 1000 -line resolution, its four different signal level 
components can be intercepted in their respective signal 
receiving areas shown in FIG. 91. 

The picture quality of the four different components will 
be described in more detail. The illustration of FIG. 92 



by a mixer 772a to an H^V^H signal. If the input signal is 20 represents a combination of FIGS. 86 and 91. As 



as high as 1000 lines in both horizontal and vertical reso- 
lution, H„V /r H has 500 to 1000 lines of a horizontal and a 
vertical resolution. H^V^-H is fed to the divider 4046 where 
it is divided again into four components. 

Similarly, H^ from the divider 4046 has 500 to 750 25 
lines of a horizontal and a vertical resolution and transferred 
as an signal to the compressor 405c. The other three 
components, H t V^ H^, and H„V W from the divider 
4046 have 750 to 1000 lines of a horizontal and a vertical 
resolution and are mixed by a mixer 7726 to an HH signal 30 
which is then compressed by the compressor 4QSd and 
delivered as a signal. After compression, the HL signal 
is delivered as a D 2 _, signal. As the result, LL or D, , carries 
a frequency data of 0 to 250 lines, LH or D x 2 carries a 



when the C/N rate increases, the overall signal level of 
amount of data is increased from 862a 1 to 862a by steps of 
four signal levels D,_„ Dj_ 2 , D 2 _„ D^. 

Also, as shown in FIG. 95, the four different level 
components LL, LH, HL, and HH are accumulated in 
proportion to the C/N rate. More specifically, the quality of 
a reproduced picture will be increased as the distance from 
a transmitter antenna becomes small. When L=Ld, LL 
component is reproduced. When L=Lc, LL+LH signal is 
reproduced. When IMJb, LL+LH+HL signal is reproduced. 
When L=La, LL+LH+HL+HH signal is reproduced As the 
result, if the bandwidth of the original signal is 1, the picture 
quality is enhanced at V4 increments of bandwidth from % to 
1 depending on the receiving area. If the original signal is an 



frequency data from more than 250 lines up to 500 lines, HL 35 I f Dfrv of 1000-line vertical resolution, a reproduced TV 



or D 2 _, carries a frequency data of more than 500 lines up 
to 750 lines, and HH or D 2 . 2 carries a frequency data of more 
than 750 lines to 1000 lines so that the divider circuit 3 can 
provide a four-level signal. Accordingly, when the divider 
circuit 3 of the tiammitter 1 shown in FIG. 87 is replaced by 40 
the divider circuit of FIG. 93, the transmission of a four- 
level signal will be implemented. 

The combination of multi-level data and multi-level trans- 
mission allows a video signal to be at steps declined in the 4 , 
fricture quality in proportion to the C/N rate during trans- 
mission, thus contributing to the enlargement of the TV 
broadcast service area. At the receiving side, the action of 
demodulation and reconstruction is identical to that of the 
second receiver of the second embodiment shown in FIG. 88 
and will not be explained in greater detail. In particular, the 
mixer 37 is modified for video signal transmission rather 
than data communications and will now be explained in 
more detail. 

As described in the second embodiment, a received signal 55 
after demodulated and error corrected, is fed as a set of four 
components D,_„ D,_ 2 , Dj.,, and D^ to the mixer 37 of the 
second receiver 33 of FIG. 88. 

FIG. 94 is a block diagram of a modified mixer 33 in 
which D,.„ D,. 2 , Dj.,, and D 2 . 2 are explained by their 60 
respective expanders 523a, 5236, 523c, and 573d to an LL, 
and LH, an HL, and an HH signal respectively which are 
equivalent to those described with FIG. 93. If the bandwidth 
of the input signal is 1, LL has a bandwidth of V*, LL+LH 
has a bandwidth of V*, LL+LH+HL has a bandwidth of 65 
and LL+LH+HL+HH has a bandwidth of 1. The LH signal 
is then divided by a divider 531a and mixed by a video mixer 



signal is 250, 50 0, 750, and 1000 lines in the resolution at 
their respective receiving areas. The picture quality will thus 
be varied at steps depending on the level of a signal. FIG. 96 
shows the signal propagation of a conventional digital 
HDTV signal transmission system, in which no signal 
reproduction will be possible when the C/N rate is less than 
V0. Also, signal interception will hardly be guaranteed at 
signal interference regions, shadow regions, and other signal 
atte n ua t i n g regions, denoted by the symbol x, of the service 
area. FIG, 97 shows the signal propagation of an HDTV 
signal transmission system of the present invention. As 
shown, the picture quality will be a full 1000-line grade at 
the distance La where C/N=a, a 750-line grade at the 
distance Lb where C/N=b, a 500-line grade at the distance 
Lc where C/N=c, and a 250-line grade are the distance Ld 
where C/N=d. Within the distance La, there are shown 
unfavorable regions where the C/N rate drops sharply and no 
HDTV quality picture will be reproduced. As understood, a 
lower picture quality signal can however be intercepted and 
reproduced according to the multi-level signal transmission 
system of the present invention. For example, the picture 
quality win be a 750-line grade at the point B in a building 
shadow area, a 250-line grade at the point D in a running 
train, a 750-line grade at the point F in a ghost developing 
area, a 250-line grade at the point G in a running car, a 
250-line grade at the point L in a neighbor signal interfer- 
ence area. As set forth above, the signal transmission system 
of the present invention allows a TV signal to be success- 
fully received at a grade in the area where the 

conventional 

system is poorly qualified, thus increasing its service area. 
FIG. 98 shown an example of simultaneous broadcasting of 
foiirduTerentTV rnograms, in which three quality programs 
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C, B, A are transmitted on their respective channels D, 2 , 
D 2 _„ D 2 . 2 while a program D identical to that of a local 
analogue TV station is propagated on the D, , channel 
Accordingly, while the program D is kept available at 
simulcast service, the other three programs can also be 5 
distributed on air for offering a multiple program broadcast 
service. 
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EMBODIMENT 8 

ic 

Hereinafter, an eighth embodiment of the present inven- 
tion will be explained referring to the drawings. The eighth 
embodiment employs a multi-level signal transmission sys- 
tem of the present invention for a transmitter/receiver in a 
cellular telephone system. 15 

FIG. 115 is a block diagram showing a transmitter/ 
receiver of a portable telephone, in which a telephone 
conversation sound inputted across a microphone 76 2 is 
compressed and coded in a compressor 405 into multi-level, 
D, D 2 , and D 3 , data previously described These D„ D, 20 
and D 3 data are time divided in a time division circuit 765 
into predetermined time slots and, then, modulated in a 
modulator 4 into a multi-level, e.g. SRQAM, signal previ- 
ously described. Thereafter, an antenna sharing unit 764 and 
an antenna 22 transmit a carrier wave carrying a modulated 25 
signal, which will be intercepted by a base station later 
described and further transmitted to other base stations or a 
central telephone exchanger so as to communicate with 
other telephones. 

On the contrary, the antenna 22 receives transmission 30 
radio waves from other base stations as communication 
signals from other telephones. A received signal is demodu- 
lated in a multiple-level, eg. SRQAM, type demodulator 45 
into D„ D 2 , and D 3 data. A timing circuit 767 detects timing 
signals on the basis of demodulated signals. These timing 35 
signals are fed into the time division circuit 765. Demodu- 
lated signals D, , D 2 , and D 3 are fed into an expander 503 and 
expanded into a sound signal, which are transmitted to a 
speaker 763 and convened into sound 

FIG. 116 shows a block diagram exemplarily showing an 40 
arrangement of base stations, in which three base stations 7 
4*' 7 I 2 / and 773 locatc * centcr of respective receiving cells 
768, 769, and 770 of hexagon or circle. These base stations 
771, 772, and 773 respectively has a plurality of transmitter/ a* 
receiver units 76la~761/ each similar to that of FIG. 115 so 
as to have data communication channels equivalent to the 
number of these transmitter/receiver units. A base station 
controller 774 is connected to all the base stations and 
always monitors a communication traffic amount of each 50 
base station. Based on the monitoring result, the base station 
controller 774 carries out an overall system control includ- 
ing allocation of channel frequencies to respective base 
stations or control of receiving cells of respective base 
stations. 

FIG. 117 is a view showing a traffic distribution of 
communication amount in a conventional, e.g. QPSK, sys- 
tem. A diagram d=A shows data 774a and TJ4b having 
frequency utilization efficiency 2 bitfHz, and a diagram d=B 
shows data 774c of frequency utiUzation efficiency 2 bit/Hz. 60 
A summation of these data 774a, 774©, and 774c becomes 
a data 7744, which represents a transmission amount of Ach 
consisting of receiving cells 768 and 770. Frequency utili- 
zation efficiency of 2 bit/Hz is uniformly distributed How- 
ever, density of population in an actual urban area is locally 65 
high in several crowded areas 775a, 775a, and 775c which 
includes buildings concentrated A data 774* representing a 



communication traffic amount shows several peaks at loca- 
tions just corresponding to these crowded areas 775a, 775fc, 
and 775c, in contrast with other areas having a small 
communication amount A capacity of conventional cellular 
telephone was uniformly set to 2 bit/Hz frequency efficiency 
at entire region as shown by the data 774a* irrespective of 
actual traffic amount TF shown by the data 774*. It is not not 
effective to give the same frequency efficiency regardless of 
actual traffics amount In order to compensate for this 
ineffectiveness, the conventional systems have allocated 
many frequencies to the regions having a large traffic 
amount, increased channel number, or decreased the receiv- 
ing cells thereof. However, an increase of channel number is 
restricted by the frequency spectrum. Furthermore, conven- 
nonal multi-level; e.g. 16 QAM or 64 QAM, mode trans- 
mission systems increase transmission power. A reduction in 
the receiving cells will induce an increase in number of base 
stations, thus increasing installation cost 

It is ideal for the improvement of an overall system 
efficiency to increase the frequency efficiency of the region 
having a larger traffic amount and decrease the frequency 
efficiency of the region having a smaller traffic amount A 
multi-level signal transmission system in accordance with 
the present invention realizes this ideal modification. This 
will be explained with reference to FIG. 118 showing a 
communication amount & traffic distribution in accordance 
with the eighth embodiment of the present invention. 

More specifically, FIG. 118 shows conimunication 
amounts of respective receiving cells 7706, 768, 769, 770 
and 770a taken along a line A— A'. The receiving cells 768 
and 770 utilize frequencies of a channel group A, while the 
receiving cells 770b, 769, and 770a utilize frequencies of a 
channel group B which does not overlap with the cannel 
group A. The base station controller 774 shown in FIG 116 
increases or decreases the channel number of these channels 
in accordance with the traffic amount of respective receiving 
cells. In FIG. U8, a diagram d=A represents a distribution 
of a communication amount of the A channel A diagram 
d=B represents a distribution of a communication amount of 
the B channel. A diagram d=A+B represents a distribution of 
a communication amount of all the channels. A diagram TF 
represents a communication traffic amount, and a diagram P 
shows a distribution of buildings and population. 

The receiving cells 768, 769, and 770 employ the multi- 
level, eg. SRQAM, signal transmission system. Therefore 
it is possible to obtain a frequency irtilization efficiency of 6 
bit/Hz, three times as large as 2 bit/Hz of QPSK, in the 
vicinity of the base stations as denoted by data 776a, 776a, 
and 776c. Meanwhile, the frequency utilization efficiency 
decreases at steps from 6 bit/Hz to 4 bit/Hz, and 4 bit/Hz to 
2 btt/Hz, as it goes to suburban area, if the transmission 
power is insufficient 2 bit/Hz areas become narrower than 
lhe receiving cells, denoted by dotted lines 777a, 777a, and 
777c, of QPSK. However, an equivalent receiving cell will 
be easily obtained by slightly increasing the transmission 
power of tile base stations. 

Tiansnutting/ieceiving operation of a mobile station 
capable of responding to a 64 SRQAM signal is carried out 
by use of modified QPSK, which is obtained by set a shift 
amount of SRQAM to S=l, at the place far from the base 
station, by use of 16 SRQAM at a place not so far from the 
same, and 64 SRQAM at the near place. Accordingly, the 
maximum transmission power does not increase as com- 
pared with QPSK. 

Furthermore, 4 SRQAM type trarisrmtter/rcceiver, whose 
errant configuration is simplified as shown in a block 
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diagram of FIG. 121, will be able to communicate with other 
telephones while maintaining compatibility. That will be the 
same in 16 SRQAM type transmitter/receiver shown in a 
block diagram of FIG. 122. As a result, three different type 
telephones having different modulation systems will be 5 
provided. Small in size arid light in weight is important for 
portable telephones. In this regard, the 4 SRQAM system 
having a simple circuit configuration will be suitable for the 
users who want a small and light telephone although its 
frequency utilization efficiency is low and therefore the cost 10 
of a call may increase. In this manner, the present invention 
system can suit a wide variety of usage. 

As is explained above, the transmission system having a 
distribution like d=A+B of FIG. 118, whose capacity is 
locally altered, is accomplished. Therefore, an overall fre- 15 
quency utilization efficiency will be much effectively 
improved if layout of base stations is determined to fit for the 
actual traffic amount denoted by TF. Especially, effect of the 
present invention will be large in a micro cell system, whose 
receiving cells are smaller and therefore numerous sub base 20 
stations are required Because a large number of sub base 
stations can be easily installed at the place having a large 
traffic amount. 

Next, data assignment of each time slot will be explained 
referring to FIG. 119, wherein FIG. 199(a) shows a con- 25 
ventional time slot and FIG. 119(b) shows a time slot 
according to the eighth embodiment. The conventional sys- 
tem performs a down, i.e. from a base station to a terminal 
station, transmission as shown in FIG. 119(a), in which a 
sync signal S is transmitted by a time slot 780a and 30 
transmission signals to respective terminal stations of A, B 
C channels by time slots 7806, 780c, and 78<W respectively 
at a frequency A. On the other hand, an up, ie. from the 
mobile station to the base station, transmission is performed 
in such a manner that a sync signal S, and transmission 35 
signals of a, b, and c channels are transmitted by time slots 
781a, 7816, 781c, and 781o* at a frequency B. 

The present invention, which is characterized by a multi- 
level, e.g. 64 SRQAM, signal transmission system, allows to 
have three-level data consisting of D„ D 2 , and D 3 of 2 40 
bit/Hz as shown in FIG. 119(6). As both the A, and A 2 data 
are transmitted by 16 SRQAM, their time slots have two 
times the data rate as shown by slots 7826 and 782c and 
7836 and 783c It means the same quality sound can be 
transmitted half the time. Accordingly, a time width of 
respective time slots 782 and 782c becomes halved. In this 
manner, two times the transmission capacity can be acquired 
at the two-level region 776c shown in FIG. 118, Le. at the 
vicinity of the base station. 

In the same way, time slots 782$ and 783$ carry out the 50 
transnussiorvreception of El data by use of a 64 SRQAM 
signal. As the transmission capacity is three times, one time 
slot can be used for three channels of E„ Rj, and £3. This 
would be used for an area further close to the base station. « 
Thus, up to three times the communication capacity can be 
obtained at the same frequency band. An actual transmission 
efficiency, however, would be reduced to 90%. It is desirable 
for enhancing the effect of the present invention to coincide 
the transmission amount distribution according to the «, 
present invention with the regional distributution of the 
actual traffic amount as perfect as possible. 

In fact, an actual urban area consists of a crowded 
building district and a greenbeU zone surrounding this 
building area. Even an actual suburb area consists of a 65 
residential district and fields or a forest surrounding this 
residential district. These urban and suburb areas resemble 
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the distribution of the TF diagram. Thus, the application of 
the present invention will be effective. 

FIG. 120 is a diagram showing time slots by the TDMA 
method, wherein FIG. 120(a) shows a conventional method 
and FIG. 120(6) shows the present invention. The conven- 
tional method uses time slots 786a and 7866 for transmis- 
sion to portable phones of A and B channels at the same 
frequency and time slots 787a and 7876 for transmission 
from the same, as shown in FIG. 120(a). 

On the contrary, 16 SRQAM mode of the present inven- 
tion uses a time slot 788a for reception of A : channel and a 
time slot 788c for transmission to Al channels as shown in 
FIG. 1 20(6). A width of the time slot becomes armroxi- 
mately Vi In case of 64 SRQAM mode, a time slot 788i is 
used for reception of D , channel and a time slot 7881 is used 
for transmission to D, charmeL A width of the time slot 
becomes approximately l A. 

In order to save electric power, a transmission of E, 
channel is executed by use of a normal 4 SRQAM time slot 
788 r while reception of El channel is executed by use of a 
16 SRQAM time slot 7SSp being a H time slot Transmission 
power is surely suppressed, although communication cost 
may increase due to a long occupation time. This will be 
effective for a small and light portable telephone equipped 
with a small battery or when the battery is almost worn out 
As is described in the foregoing description, the present 
mvention makes it possible to determine the distribution of 
transmission capacity so as to coincide with an actual traffic 
distribution, thereby increasing substantial transmission 
capacity. Furthermore, the present invention allows base 
stations or terminal stations to freely select one among two 
or three transmission capacities. If the frequency utilization 
efficiency is lowered, power consumption will be decreased. 
If the frequency utilization efficiency is selected higher^ 
communication cost will be saved. Moreover, adoption of a 
4 SRQAM having smaller capacity will simplify the cir- 
cuitry and reduce the size and cost of the telephone. As 
explained in the previous embodiments, one characteristics 
of the present invention is that compatibility is maintained 
among all of associated stations. In this manner, the present 
invention not only increases transmission capacity but 
allows to provide customers a wide variety of series from a 
super mini telephone to a high performance telephone. 

EMBODIMENT 9 



Hereinafter, a ninth emrjodiment of the present invention 
will be described referring to the drawings. The ninth 
embodiment employs this invention in an OFDM transmis- 
sion system. FIG. 123 is a block diagram of a OFDM 
transmitter/receiver, and FIG. 124 is a diagram showing a 
principle of an OFDM action. An OFDM is one of FDM and 
has a better efficiency in frequency utilization as compared 
with a general FDM, because an OFDM sets adjacent two 
carriers to be quadrate with each other. Furthermore, OFDM 
can bear multipath obstructions such as ghosts and, there- 
fore, may be applied in the future to the digital music 
broadcasting or digital TV broadcasting. 

As shown in the principle diagram of FIG. 124, OFDM 
converts an input signal by a serial to parallel converter 791 
into a data being disposed on a frequency axis 793 at 
intervals of lAs, so as to produce subchannels 794a"*94* 
This signal is inversely FFT converted by a modulator 4 
having an inverse FFT 40 into a signal on a time axis 79~9 
to produce a transmission signal 79S. This inverse FFT 
signal is transmitted during an effective symbol period 796 
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of the time period ts. A guard interval 797 having an amount 
tg is provided between symbol periods. 

A transmitting/receiving action of HDTV signal in accor- 
dance with this ninth embodiment wfll be explained refer- 
J^w 1 !^?* tit&nn of FIG. U3 9 which shows a hybrid 5 
OFDM-CCDM system. An inputted HDTV signal is sepa- 
rated by a video encoder 401 into three-level, a low fre- 
quency band D,. lt a medium-low frequency band D, and 
a high-medium-low frequency band D 2 , video signals; and 
fed into an input section. 10 

In a first data stream input 743, D, , signal is ECC 
encoded with high code gain and D,. 2 signal is ECC coded 
with a normal code gain. A TDM 743 performs time division 
nTuluplexingofD,., and Designate to produce a D, signal, 
which is then fed to a D, serial to parallel converter 79M in 13 
a modulator 852a. D, signal consists of n pieces of parallel 
data, which are inputted into first inputs of n pieces of 
C-CDM modulator 4a, 4*,— respectively. 

On the other hand, the high frequency band signal D 2 is 
fed into a second data stream input 744 of the input section 
742, in which D 2 signal is ECC (Error Correction Code) 

^ ^J^Z 44 * ^ TreU" encoded in a 
Trelhs encoder 744ft. Thereafter, the D 2 signal is supplied to 
a D 2 serial to parallel converter 791b of the modulator 852a 
and converted into n pieces of parallel data, which are 25 
inputted into second inputs of the n pieces of C-CDM 
modulator 4a, 46,— respectively. 

The C-CDM modulators 4a, 4b, 4c— respectively pro- 
duces 16 SRQAM signal on the basis of D. data of the first » 
data stream input and D 2 data of the second data stream 
input These n pieces of C-CDM modulator respectively has 
a earner different from each other. As shown in FIG 124 
^S, 79 794b ' 794c >-*e arrayed on the frequency' 
axis 793 so that adjacent two carriers are 90°-out-of-phase ,< 
with each other. Thus C-CDM modulated n pieces of modu- 
lated signal are fed into the inverse FFT circuit 40 and 
mapped from the frequency axis dimension 793 to the time 
axis dimension 790, Thus, time signals 796a, 7966— 
having an effective symbol length ts. are produced. There is* ^ 
provided a guard interval zone 797a of Tg seconds between 
the effective symbol time zones 796a and 7966, in order to 
reduce multipath obstruction. FIG. 129 is a graph showing 
a relationship between time axis and signal level. The guard 
time Tg of the guard interval band 797a is detennined by 4 < 
taking account of multipath affection and usage of signal By 
setting the guard time Tg longer than the multipath affected 
time, e.g. TV ghost, modulated signals from the inverse FFT 
circuit 40 are converted by a parallel to serial converter 4c 
into one signal and, then, transmitted from a transmitting 
circuit 5 as an RF signal. 50 

Next, an action of a receiver 43 will be described A 
received signal, shown as time-base symbol signal 796* of 
FIG. 124, is fed into an input section 24 of FIG. 123. Then, 
&e received signal is converted into a digital signal in a 55 
demodulator 8526 and further changed into Fourier coeffi- 
cients in a FFT 40a. Thus, the signal is mapped from the 
Ume axis 799 to the frequency axis 793a as shown in FIG 
124. That is, the time-base symbol signal is converted into 
frequency-base carriers 794a. 7946.-. As these carriers are 60 
in quadrature relationship with each other, it is possible to 
separate respective modulated signals. FIG. 125(6) shows 
thus demodulated 16 SRQAM signal, which is then fed to 
respective C-CDM demodulators 45a, 456,— of a C-CDM 
demodulator 45, mwrricAdemo^^ K 
demodulated into multi-level sub signals D„ D 2 . These sub 
signals Dj and D 2 are further demodulated by a D 1 parallel 
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to serial converter 852a and a D 2 parallel to serial converter 
8526 into original D, and D 2 signals. 

Since the signal transmission system is of C-CDM multi- 
level shown in 12S(6). both D, and D 2 signals will be 
demodulated under better receiving condition but only D, 
signal will be demodulated under worse, eg. low ON rate! 
receiving condition. Demodulated D, signal is demodulated 
in an output section 757. As D,., signal has higher ECC code 
gam as compared with the D 12 signal, an error signal of the 
Stion 18 rcproduccd even under worse receiving con- 

The D,_, signal is converted by a 1-1 video decoder 402c 
into a low frequency band signal and outputted as an LDTV 
and the D, . 2 signal is converted by a 1-2 video oecoder 402o* 
tmoa medium frequency band signal and outputted as 

^ The D 2 signal is Trellis decoded by a Trellis decoder 75 
9b and converted by a second video decoder 4026 into a high 
frequency band signal and outputted as an HDTV signal 
Namely, an LDTV signal is outputted in case of the low 
frequency band signal only. An EDTV signal of a wide 
NTSC grade is outputted if the medium frequency band 
signal is > added to the low frequency band signal, and an 
HDTV signal is produced by adding low, medium, and high 
frequency band signals. As well as the previous embodi- 
ment, a TV signal having a picture quality depending on a 
receiving C/N rate can be received Thus, the ninth embodi- 
ment realizes a novel multi-level signal transmission system 
by combining an OFDM and a C-CDM, which was not 
obtained by the OFDM alone. 

An OFDM is certainly strong against multipath such as 
TV ghost because the guard time Tg can absorb an inter- 
ference signal of multipath. Accordingly, the OFDM is 
applicable to the digital TV broadcasting for automotive 
vehicle TV receivers. Meanwhile, no OFDM signal is 
received when the ON rate is less than a predeterniined 
value because its signal transmission pattern is non of a 
multi-level type. 

However the present invention can solve this disadvan- 
tage by combining the OFDM with the C-CDM thus 
realizing a graditional degradation depending on the C/N 
rate in a video signal reception without being disturbed bv 
multipath. 3 

When a TV signal is received in a compartment of 
vehicle, not only the reception is disturbed by multipath but 
the ON rate is deteriorated. Therefore, the broadcast service 
area of a TV broadcast station will not be expanded as 
expected if the counterrneasure is only for multipath. 
i f^.^ a reception of TV signal of at least 

LDTV grade will be ensured by the combination with the 
multi-level transmission C-CDM even if the C/N rate is 
f^y deteriorated. As a picture plane size of an automotive 
^J^k normally **** Winches, a TV signal of 
an LDTV grade will provide a satisfactory picture quality 
Thus, the LDTV grade service area of automotive vehicle 
TV wfll largely expanded If an OFDM is used in an entire 
frequency band of HDTV signal, present semiconductor 
technologies cannot prevent circuitry scale from increasing 

Now, an OFDM method of transraitting only D, , of low 
frequency band TV signal will be explained below As 
shown in a block diagram in FIG. 138, a medium frequency 
^ IK l C0I SSS nt m( * a nign frequency band component 
D 2 of an HDTV signal are multiplexed in C-CDM modulator 
4g wdtiien transmitted at a frequency band A through an 
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On the other hand, a signal received by a receiver 43 is 
first of all frequency separated by an FDM 40e and, then, 
demodulated by a C-CDM demodulator 46 of the present 
invention- Thereafter, thus C-CDM demodulated signal is 
reproduced into medium and high frequency components of 
HDTV in the same way as in FIG. 123. An operation of a 
video decoder 402 is identical to that of embodiments 1,2, 
and 3 and will not be explained in greater detail. 

Meanwhile, the D,,, signal, a low frequency band signal 
of MPEG 1 grade of HDTV, is converted by a serial to 
parallel converter 791 into a parallel signal and fed to an 
OFDM modulator 852c, which executes QPSK or 16 QAM 
modulation. Subsequently, the D,_, signal is converted by an 
inverse FFT 40 into a time-base signal and transmitted at a 
frequency band B through a FDM 40d 

On the other hand, a signal received by the receiver 43 is 
frequency separated in the FDM 40e and then converted into 
a number of frequency-base signals in an FFT 40a of an 
OFDM modulator SS2d. Thereafter, frequency-base signals 
are demodulated in respective demodulators 4a, 46,— and 
are fed into a parallel to serial converter 882a, wherein a 
D,., signal is demodulated. Thus, a D ul signal of LDTV 
grade is outputted from the receiver 43. 

In this manner, only an LDTV signal is OFDM modulated 
in the multi-level signal transmission. The method of FIG. 
138 makes it possible to provide a complicated OFDM 
circuit only for an LDTV signal. A bit rate of LDTV signal 
is Via of that of an HDTV. Therefore, the circuit scale of the 
OFDM will be reduced to Vza, which results in an outstand- 
ing reduction of overall circuit scale. 

An OFDM signal transmission system is strong against 
multipath and will soon be applied to a moving station, such 
as a portable TV, an automotive vehicle TV, or a digital 
music broadcast receiver, which is exposed under strong and 
variable multipath obstruction. For such usages a small 
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picture sire of less than 10 inch^, 7ZfS£i*Z 35 SSKS ctn^f™ Sf^ * 
mainstream. It will be thus guessed that the OFDM modu- ^^L^ f°5?* flayer data 



mainstream. It will be thus guessed that the OFDM modu- 
lation of a high resolution TV signal such as HDTV or 
EDTV will bring less effect. In other words, the reception of 
a TV signal of LDTV grade would be sufficient for an 
automotive vehicle TV. 40 

On the contrary, multipath is constant at a fixed station 
such as a home TV. Therefore, a countermeasure against 
multipath is relatively easy. Less effect will be brought to 
such a fixed station by OFDM unless it is in a ghost area. 
Using OFDM for medium and high frequency band com- 45 
ponents of HDTV is not advantageous in view of present 
circuit scale of OFDM which is still large. 

Accordingly, the method of the present invention, in 
which OFDM is used only for a low frequency band TV , n 
signal as sown in FIG. 138, can widely reduce the circuit 
scale of the OFDM to less than l Ao without losing inherent 
OFDM effect capable of largely reducing multiple obstruc- 
tion of LDTV when received at a mobile station such as an 
automotive vehicle. 

Although the OFDM modulation of FIG. 138 is per- 55 
formed only for D^, signal, it is also possible to modulate 
both D N1 and Dj_, by OFDM. In such a case, a CCDM 
two-level signal transmission is used for transmission of 
Dj., and D,. 2 . Thus, a multi-level broadcasting being strong ^ 
against multipath will be realized for a vehicle such as an 
automotive vehicle. Even in a vehicle, the gradational gradu- 
ation will be realized in such a manner that LDTV and 
SDTV signals are received with picture qualities depending 
on receiving signal level or antenna sensitivity. ^ 

The multi-level signal transmission according to the 
present invention is feasible in this manner and produces 



various effects as previously described. Furthermore, if the 
multi-level signal transmission of the present invention is 
incorporated with an OFDM, it wfll become possible to 
provide a system strong against multipath and to alter data 
transmission grade in accordance with receivable signal 
level change. 

FIG. 126(a) shows another method of realizing the multi- 
level signal transmission system, wherein the subchannels 
794a-794c of the OFDM arc assigned to a first layer 801a 
and the subchannels 7944-794/ are assigned to a second 
layer 8016. There is provided a frequency guard zone 802a 
of f x between these two, first and second, layers. FIG. 126(6) 
shows an electric power difference 8026 of Pg which is 
provided to differentiate the transmission power of the first 
and second layers 801a and 8016. 

Utilization of this differentiation makes it possible to 
increase electric power of the first layer 801a in the range 
not obstructing the analogue TV broadcast service as shown 
in FIG. 108(4) previously described. In this case, a threshold 
value of the C/N ratio capable of receiving the first layer 
801a becomes lower than that for the second layer 8016 as 
shown in FIG. 108(e). Accordingly, the first layer 801a can 
be received even in a low signal-level area or in a large-noise 
area. Thus, a two-layer signal transmission is realized as 
shown in FIG. 147. This is referred to as Power- Wdghted- 
OFDM system (i.e. PW-OFDM) in this specification. If this 
PW-OFDM system is combined with the C-CDM system 
previously explained, three layers will be realized as shown 
in FIG. 108(e) and, accordingly, the signal receivable area 
will be correspondingly expanded. 

FIG. 144 shows a specific circuit, wherein the first layer 
data passing through the first data stream circuit 791 a is 
modulated into the carriers f t -f 3 by the modulators 4o-4c 
having large amplitude and, then, are OFDM modulated in 



passing through the second data stream circuit 7916 is 
modulated into the carriers ff~f t by the modulators 4d-4f 
having ordinary amplitude and, then, are OFDM modulated 
in the inverse FFT 40. Then, these OFDM modulated signals 
are transmitted from the transmit circuit 5. 

A signal received by the receiver 43 is separated into 
several signals having carriers of fj-f„ through the FFT 40a. 
The carriers fj-f 3 are demodulated by the demodulators 
45o-45c to reproduce the first data stream D t , ie. the first 
layer 801a. On the other hand, the carriers f<-f 8 arc demodu- 
lated by the demodulators 45*^45/ to reproduce the second 
data stream D 2 , i.e. the second layer 8016. 

The first layer 801a has so large electrical power that it 
can be received even in a weak-signal area. In this manner, 
the PW-OFDM system realizes the two-layer multi-level 
signal transmission. If this PW-OFDM is combined with the 
C-CDM, it will become possible to provide 3-4 layers. As 
the circuit of FIG. 144 is identical with the circuit of FIG. 
123 in the remaining operations and, therefore, will not be 
explained in greater detail 

Next, a method of realizing a multi-level signal transmis- 
sion in Time-Weighted-OFDM (Le. TW-OFDM) in accor- 
dance with the present invention will be explained. Although 
the OFDM System is accompanied with the guard time zone 
L as previously described, adverse affects of ghosts will be 
eliminated if the delay time t M of the ghost, ie. multipath, 
signal satisfies the lequirement of t^<t r The delay time t M 
will be relatively small, for example in the range of several 
microsounds, in a fixed station such as a TV receiver used 
for home use. Furthermore, as its value is constant, cancel- 
lation of ghosts will be relatively easily done. On the 
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contrary, reflected waves will increase in case of a mobile 
station such as a vehicle TV receiver. Therefore, the delay 
time l M becomes relatively large, for example in the range of 
several tens mi era sound. Furthermore, the magnitude of t M 
varies in response to the running movement of the vehicle. 5 
Thus, cancellation of ghosts tends to be difficult. Hence, the 
multi-level signal transmission is key or essential for such a 
mobile station TV receiver in order to eliminate adverse 
affection of multipath. 

The multi-level signal transmission in accordance with M> 
the present invention will be explained below. A symbol 
contained in the subcannel layer A can be intensified against 
the ghosts by setting a guard time t^ of the layer A to be 
larger than a guard time t gb of the layer B as shown in FIG. 
146. In this manner, the multi-layer signal transmission can 15 
be realized against multipath by use of weighting of guard 
time. This system is referred to as Guard-Time- Weighted- 
OFDM (i.e. QTW-OFDM). 

If the symbol number of the symbol time Ts is not 
different in the layer A and in the layer B, a symbol time t, a 20 
of the layer A is set to be larger than a symbol time t^ of the 
layer B. With this differentiation, a carrier width Afa of the 
carrier A becomes larger than a carrier width Afb of the 
carrier B. (Afa>Afb) Therefore, the error rate becomes lower 
in the demodulation of the symbol of the layer A compared 25 
with the demodulation of the symbol of the layer B. Thus, 
the differentiation of the layer A and B in the weighting of 
the symbol time Ts can realize a two-layer signal transmis- 
sion against multipath. This system is referred to as Carrier- 
Spacing- Weighted-OFDM (i.e. CSW-OFDM). 30 

By realizing the two-layer signal transmission based on 
the GTW-OFDM, wherein a low-resolution TV signal is 
transmitted by the layer A and a high-frequency component 
is transmitted by the layer B, the vehicle TV receiver can 
stably receive the low-resolution TV signal regardless of 3S 
tough ghost. Furthermore, the multi-level signal transmis- 
sion with respect to the C/N ratio can be realized by 
differentiating the symbol time l s based on the CSW-OFDM 
between the layers A and B. If this CSW-OFDM is combined 
with the GTW-OFDM, the signal reception in the vehicle TV 40 
receiver can be further stabilized High resolution is not 
normally required to the vehicle TV or the portable TV. 

As the time ratio of the symbol time including a low- 
resolution TV signal is small, an overall txansrnission effi- 4S 
ciency will not decrease so much even if the guard time is 
enlarged Accordingly, using the GTW-OFDM of the present 
invention for suppressing multipath by laying emphasis on 
the low-resolution TV signal will realize the multi-layer type 
TV broadcast service wherein the mobile station such as the 50 
portable or vehicle TV receiver can be compatible with the 
stationary station such as the home TV without substantially 
lowering the transmission efficiency. If combined with the 
CSW-OFDM or the C-CDM as described previously, the 
multi-layer to the C/N ratio can be also realized Thus, the 55 
signal reception in the mobile station will be further stabi- 
lized 

An affection of the multipath will be explained in more 
detail. In case of multipath 810a, 810ft, 810c, and 810a" 
having shorter delay time as shown in FIG. 145(a), the 60 
signals of both the first and second layers can be received 
and therefore the HDTV signal can be demodulated On the 
contrary, in case of multipath 8Ua, 8Ub, 811c, and Slid 
having longer delay time as shown in FIG. 145(6), the B 
signal of the second layer cannot be received since its guard 65 
time t^ is not sufficiently long. However, the A signal of the 
first layer can be received without being bothered by the 
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multipath since its guard time t^ is sufficiently long. As 
described above, the B signal includes the high-frequency 
component of TV signal. The A signal includes the low- 
frequency component of TV signal Accordingly, the vehicle 
TV can reproduce the LDTV signal. Furthermore, as the 
symbol time Tsa is set larger than symbol time Tsb, the first 
layer is strong against deterioration of C/N ratio. 

Such a discrimination of the guard time and the symbol 
time is effective to realize two-dimensional multi-layer 
signal transmission of the OFDM in a simple manner. If the 
discrimination of guard time is combined with the C-CDM 
in the circuit shown in FIG. 123, the multi-layer signal 
transmission effective against both multipath and deteriora- 
tion of C/N ratio will be realized 
Next, a specific example wOl be described below. 
The smaller the D/U ratio of the receiving signal becomes, 
the larger the multipath delay time T^ becomes. Because, 
die reflected wave increases compared with the direct wave. 
For example, as shown in FIG. 148, if the D/U ratio is 
smaller than 30 dB, the delay time T„ exceeds 30 us because 
of increase of the reflected wave. Therefore, as can be 
understood from FIG. 148, it will become possible to receive 
the signal even in the worst condition if the Tg is set to be 
larger than 50 us. 

Accordingly, as shown in detail in FIGS. 149(a) and 
149(6), three groups of first 801a, second 8016, and third 
801 c layers are assigned in a 2 ms period of 1 sec TV signal 
The guard times 797a, 7976. and 797c, Le. Tga, Tgb, and 
Tgc, of these three groups are weighted to be, for example, 
50 micro sounds, 5 microsounds, and 1 microsound, respec- 
tively, as shown in FIG. 149(c). Thus, three-layer signal 
transmission effective to the multipath will be realized as 
shown in FIG. 150, wherein three layers 801a, 8016. and 
801c are provided. 

If the GTW-OFDM is applied to ass the picture quality, it 
is doubtless 

At the same time, the multi-layer signal transmission 
effective to C/N ratio can be realized By combining the 
CSW-OFDM and the CSW-OFDM, a two-dimensional 
multi-layer signal trartsrnission is realized with respect to the 
multipath and the C/N ratio as shown in FIG. 151. As 
described previously, it is possible to combine the CSW- 
OFDM and the C-CDM of the present invention for pre- 
venting the overall transmission efficiency from being low- 
ered In the first, 1-2, and 1-3 layers 801a, 851a, and 851az. 
the LDTV grade signal can be stably received by, for 
example, the vehicle TV receiver subjected to the large 
multipath T M and low C/N ratio. In die second and 2-3 
layers 8016 and 8516, the standard-resolution SDTV grade 
signal can be received by the fixed or stationary station 
located, for example, in the fringe of the service area which 
is generally subjected to the lower C/N ratio and ghost In 
the third layer 801c which occupies more than half of the 
service area, the HDTV grade signal can be received since 
the C/N ratio is high and the ghost is less because of large 
direct wave. In this manner, a two-dimensional multi-layer 
broadcast service effective to both the C/N ratio and the 
multipath can be realized by the combination of the GTW- 
OFDM and the C-CDM or the combination of the GTW- 
OFDM and the CSW-C-CDM in accordance with the 
present invention thus, the present invention realizes a 
two-dimensional, matrix type, multi-layer signal transmis- 
sion system effective to both the C/N ratio and the 194 
multipath, which has not ever been realized by the prior art 
technologies. 

A timing chart of a three level (HDTV, SDTV, LDTV) 
television signal in a two-dimensional multilevel broadcast 
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. . " As in the figure, the LDTV simml i« 

wiUithc greater resistance to inultipath interfoence- ^ 
SDTV synchronization signal, addiess s^naLand I otw 
important high priority signals are posiuoSsJ^^ 
winch the next greatest resistance to multipath interfer 
encc, and slot 79661, which has strong resis^TaN 
detenoratioa The SDTV common signiu\U lot? rniorirv 

SlL ° f kvd B - SDTV ' HDTV, and other 

high^requency component television signals are positioned 
m levels 1, 2, and 3 of level C ^ 

in£^ 10 ^ det «ioration and multipath 

mterfercnce mcreases, the transmission rate drops, causing , 3 

TV signal resolution to drop, and achieving TietoS 
2? V*!?**** effect shown fa, FIG^S 

TO^S^J^? ^r^onal methods. As shown in 
7Z' thrc ^ men aonal multaevel broadcast struc- 

ratio, multipath delay time, and the transmission rate. 

present embodiment has been described using the 
«^le of a two-dimensional multilevel broadcast structure 
ob^ned by combtmng GTW-OFDM of the invention*^ 
<--<jdm of the invenuon as previously descrihwi «r is 

aona] mumlevel broadcast structures can be obtained!* 
SS^SmjS^fS?^ ^weighted OFDM, or 
GWOFDM with other C7N ratio multilevel transmission 

7mL G 7£! ^J^SS? ^ 1^"^ *e power of carriers " 
«^ ™A^5 7!M * wth less weighting compared with 
^J^?^^ 794* achieving a! wo KeT£^ 
weighted OFDM. Two levels are obtained by power weiabt 
mg carries 795a and 795c, which are Sl^ 3: 
earner 794a to carriers 795A and 795* WhileTtotlof four 

tZw^i^rT™™ **** only To7ev^ 
issho vvnin FIG. 154. As shown in the figure, because the 

ZSZ ^ CnCies distributed, interference with other 
analog transmissions on the same frequency band is dis- « 
persed, and there is minimal adverse effect 

™y !^£sitioning varying the time width of 
79o?^J a * IT*' ?* 197c for "* symbol 796a, 
n*£n^2 ^ in HG - 155. three-level multimuh 

multilevel transmission can be achieved Using the time 45 
P^hiomng shown in HG. 155, theA-,B-, and C level 

SS, * I PSS ^ occurs, data destruction can 
prevented and the TV signal can be stably demodulated by 
Reaving the date from the different lay^TpSk^ 50 
by mterieaving with the Alevel data distributed, inSSce 

J^ b ™ T C ? Cn ? ated * W*» systems of other 
vehicles can be significantly reduced in mobile TV receiv- 

Block diagrams of a specific ECC encoder 744/ and a 55 

mb respecnvely. FIG. 167 is a block diagram of the 
^uiterjeaver9366. The interleave table 954 pSdi £e 
^S^S^Hi ."5 ° f * C ^eavex'Sfs not 
UM, mteriCaVC L1 is shown in FIG 
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J?7? hiterference can be reduced by interleaving 
t it? By U8in « a «*«» VSB. Vlevel VSB 

orU^vel VSB transntission apparatus as described m 

VSB^L ki^ 6, and shown in the 

VMJ receiver block diagram (FIG. 161) and the VSB 



tansnttttei -b] I ock diagram (FIG. 162), or by using a QAM or 
PSKtransmission apparatus as described m3xlmients 1 
and ^ respectively, burst noise interference^c^eS 
and television reception with very low noise levelTcante 
; achieved in ground station broadcasting. 

By using 3-level broadcasting by means of Hip m**h^ 

SSL 1 ^^ f?^ g 1,10006 ™ ^versTrW 
££n?L^l hand-held portable television sets, cante 
> ^flized because level A has the effect of ledudaTb^im 

The multi-level signal transmission method of the oresent 
mvemxor , is intendec I to , increase the utih^oS of fre^ 
aes but may be suited for not all the transmission s^ms 
s^caus^ng .some type receivers toT^S~ 
energy uMizanon. It is a good idea for use^mTsatelh^ 
««caUons system for selected subsSb^to S 
most advanced transmitters and receivers desipned foThZZ 
utilization of apphcable m^encles ^e^f Su^ 
purpose signal transmission system^ nofte 
bound by the present invention. 

The present invention will be advantageous for use with 
a satelhte or terrestrial broadcast service which is e^eS 
to runin the same standards for as long as 50 years.bS 
it^t 0 ? . PCri0d « standards y must noTS 

^ be time toting 

cm^pomimg to up-u>date technological achievements 
Particularly, the energy for signal transmission will surdvte 
ZZ^r ^.^^te. Each TV station shouS pm^ 
compile service for guaranteeing TV prograTslgiL 

^rS^L toC advanCed ones " ^ signal transmission 
^stem of the present invention can provide a compSe 
broadcast service of both the existing NTSC andlSrV 

&^ ^ a ^ ~ to 

nri^H^T 1 ' T Cnd0n CODCems much on the frequency 
uuJization than the energy utilization. The signal 
sensitivity of each receiver is arranged diffeWde^d^ 
on a^gnal stote level to be received so that the trSS 
power of a transmitter needs not be increased largely Henc? 
= satellites which offer a smaO energyTrec^n 
a^ transmission of a signal can best be used with thesyS 
oftoepesent mvention. The system is also anang^for 
r^Tf ^ StandaMs ^Ponding m^SaS 
m the ti^missxon energy in the mture aSd offermglhe 
c^atibflity between old and new type re^iverl^adS! 

S ^ PreS ^ t T Cmi0n wffl ^ advantageous foruse 
, with the sateUite broadcast standards. 

The multi-level signal transmission method of the nreseni 

mven^on is more preferably employed for tern^nM 

bmadcast service m which the energy utilization is not 

crucial, as compared with satellite broadcast service The 

results are such mat the signal attesting re^uTt 

^ which ^ attributed to a^vlntional digital 

d^y^theexistin^ 

more, the service area is substantiaUy mcreased sotiuu 
rrogram supphers and sponsors can appreciate more view 

So ..^ L Q ?H pTO T dUKS ' ^ modulation techniques 
mcluding 64, 128, and 256 QAM will be employed with 

ZL 8 ^! ^ » p SK, ASK, XkZ£ 
mques will be apphcable as described with the embody 



